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APPARATUS AND METHOD FOR CHANNEL
ENCODING/DECODING IN
COMMUNICATION OR BROADCASTING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation application of prior
application Ser. No. 15/941,559, filed on Mar. 30, 2018,
which will be issued as U.S. Pat. No. 10,484,134 on Nov. 19,
2019, and claimed priority under 35 U.S.C. § 119(a) of a
Korean patent application number 10-2017-0041138, filed
on Mar. 30, 2017, in the Korean Intellectual Property Office,
and of a Korean patent application number 10-2017-
0057066, filed on May 4, 2017, in the Korean Intellectual
Property Office, and of a Korean patent application number
10-2017-0069480, filed on Jun. 5, 2017, in the Korean
Intellectual Property Office, and of a Korean patent appli-
cation number 10-2017-0072810, filed on Jun. 9, 2017, in
the Korean Intellectual Property Office, and of a Korean
patent application number 10-2017-0072821, filed on Jun.
10, 2017, in the Korean Intellectual Property Office, and of
a Korean patent application number 10-2017-0073157, filed
on Jun. 12, 2017, in the Korean Intellectual Property Office,
the disclosure of each of which is incorporated by reference
herein in its entirety.

TECHNICAL FIELD

The disclosure relates to an apparatus and a method for
channel encoding/decoding in a communication or broad-
casting system. More particularly, the disclosure relates to
an apparatus and a method for a low density parity check
(LDPC) encoding/decoding capable of supporting various
input lengths and coding rates.

BACKGROUND

To meet the demand for wireless data traffic having
increased since deployment of fourth generation (4G) com-
munication systems, efforts have been made to develop an
improved fifth generation (5G) or pre-5G communication
system. Therefore, the 5G or pre-5G communication system
is also called a ‘Beyond 4G Network’ or a ‘Post long term
evolution (LTE) System’.

The 5G communication system is considered to be imple-
mented in higher frequency millimeter wave (mmWave)
bands, e.g., 60 GHz bands, so as to accomplish higher data
rates. To decrease propagation loss of the radio waves and
increase the transmission distance, the beamforming, mas-
sive multiple-input multiple-output (MIMO), full dimen-
sional MIMO (FD-MIMO), array antenna, an analog beam
forming, large scale antenna techniques are discussed in 5G
communication systems.

In addition, in 5G communication systems, development
for system network improvement is under way based on
advanced small cells, cloud radio access networks (RANs),
ultra-dense networks, device-to-device (D2D) communica-
tion, wireless backhaul, moving network, cooperative com-
munication, coordinated multi-points (CoMP), reception-
end interference cancellation and the like.

In the 5G system, Hybrid FSK and QAM modulation
(FQAM) and sliding window superposition coding (SWSC)
as an advanced coding modulation (ACM), and filter bank
multi carrier (FBMC), non-orthogonal multiple access
(NOMA), and sparse code multiple access (SCMA) as an
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advanced access technology have been developed. In a
communication or broadcasting system, link performance
may be considerably deteriorated due to various kinds of
channel noise, fading phenomenon, and inter-symbol inter-
ference (ISI). Accordingly, in order to implement high-speed
digital communication or broadcasting systems requiring
high data throughput and reliability, such as next-generation
mobile communication, digital broadcasting, and portable
Internet, it is required to develop a technology capable of
overcoming the noise, fading, and inter-symbol interference.
Recently, as a part of studies to overcome the noise and the
like, researches for an error-correcting code have been
actively made as a method for heightening communication
reliability through efficient restoration of information dis-
tortion.

The above information is presented as background infor-
mation only to assist with an understanding of the disclo-
sure. No determination has been made, and no assertion is
made, as to whether any of the above might be applicable as
prior art with regard to the disclosure.

SUMMARY

Aspects of the disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the disclosure is to provide an apparatus
and a method for a low density parity check (LDPC)
encoding/decoding capable of supporting various input
lengths and coding rates.

Another aspect of the disclosure is to provide a method for
designing an elementary matrix of a parity check matrix of
an LDPC code supporting very high decoder throughput.

Another aspect of the disclosure is to provide a method for
designing a parity check matrix from an elementary matrix
of a designed parity check matrix.

Another aspect of the disclosure is to provide an apparatus
and a method for LDPC encoding/decoding supporting
various codeword lengths from a designed parity check
matrix.

In accordance with an aspect of the disclosure, a method
for channel encoding in a communication or broadcasting
system is provided. The method includes determining a
block size Z, and performing encoding based on the block
size and a first matrix corresponding to the block size,
wherein the first matrix is determined based on information
and a plurality of second matrices, and wherein a part of a
column index indicating a position of a non-zero element in
each row of the information includes an index according to
mathematical expression 22 below.

In accordance with another aspect of the disclosure, a
method for channel decoding in a communication or broad-
casting system is provided. The method includes determin-
ing a block size Z, and performing decoding based on the
block size and a first matrix corresponding to the block size,
wherein the first matrix is determined based on information
and a plurality of second matrices, and wherein a part of a
column index indicating a position of a non-zero element in
each row of the information includes an index according to
mathematical expression 22 below.

In accordance with another aspect of the disclosure, an
apparatus for channel encoding in a communication or
broadcasting system is provided. The apparatus includes a
transceiver, and at least one processor configured to deter-
mine a block size Z and to perform encoding based on the
block size and a first matrix corresponding to the block size,
wherein the first matrix is determined based on information



US 11,050,509 B2

3

and a plurality of second matrices, and wherein a part of a
column index indicating a position of a non-zero element in
each row of the information includes an index according to
mathematical expression 22 below.

In accordance with another aspect of the disclosure, an
apparatus for channel decoding in a communication or
broadcasting system is provided. The apparatus includes a
transceiver, and at least one processor configured to deter-
mine a block size Z and to perform decoding based on the
block size and a first matrix corresponding to the block size,
wherein the first matrix is determined based on information
and a plurality of second matrices, and a part of a column
index indicating a position of a non-zero element in each
row of the information includes an index according to
mathematical expression 22 below.

In accordance with another aspect of the disclosure, a
method for generating an LDPC code in a communication or
broadcasting system is provided. The method includes a
weight distribution of an elementary matrix satistying a
balancing condition.

In accordance with another aspect of the disclosure, a
method for generating an LDPC code in a communication or
broadcasting system is provided. The method includes a
weight distribution of an elementary matrix satistying a
partial windowing-orthogonal condition.

In accordance with another aspect of the disclosure, a
method for channel decoding in a communication or broad-
casting system is provided. The method includes determin-
ing a block size of a parity check matrix, and reading out a
sequence for generating the parity check matrix in which a
weight distribution is strongly balanced. The method further
includes converting the sequence by applying an operation
to the sequence.

According to an aspect of the disclosure, the LDPC code
can be supported with respect to a variable length and a
variable rate.

Other aspects, advantages, and salient features of the
disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses various
embodiments of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the disclosure will be more apparent
from the following description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a diagram illustrating a structure of a systematic
low density parity check (LDPC) codeword according to an
embodiment of the disclosure;

FIG. 2 is a diagram illustrating a graph expression method
of an LDPC code according to an embodiment of the
disclosure;

FIG. 3 is a diagram of a structure of a parity check matrix
of an LDPC code according to an embodiment of the
disclosure;

FIGS. 4A, 4B, and 4C are diagrams of an exponential
matrix according to various embodiments of the disclosure;

FIG. 5 is a diagram of an elementary matrix according to
an embodiment of the disclosure;

FIG. 6 is a diagram of scheduling to perform LDPC
decoding using two block parallel processors with respect to
a parity check matrix having the elementary matrix of FIG.
5 according to an embodiment of the disclosure;

FIG. 7 is a diagram of an elementary matrix according to
an embodiment of the disclosure;
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FIG. 8 is a diagram of scheduling to perform LDPC
decoding using two block parallel processors with respect to
a parity check matrix having the elementary matrix of FIG.
7 according to an embodiment of the disclosure;

FIGS. 9A, 9B, and 9C are diagrams of an exponential
matrix according to various embodiments of the disclosure;

FIG. 10 is a block diagram illustrating a configuration of
a transmitting/receiving device according to an embodiment
of the disclosure;

FIG. 11A is a diagram illustrating a structure of a decod-
ing device according to an embodiment of the disclosure;

FIG. 11B is a diagram illustrating a structure of an
encoding device according to an embodiment of the disclo-
sure;

FIG. 12 is a diagram illustrating a structure of a trans-
mission block according to an embodiment of the disclosure;

FIGS. 13A, 13B, 13C, 13D, 13E, 13F, 13G, 13H and 131
are diagrams of other elementary matrices according to
various embodiments of the disclosure;

FIGS. 14A, 14B, 14C, 14D, 14E, 14F, 14G, 14H, and 141
are diagrams of other exponential matrices according to
various embodiments of the disclosure;

FIGS. 15A, 15B, and 15C are diagrams of other elemen-
tary matrices according to various embodiments of the
disclosure;

FIGS. 16A, 16B, 16C, 16D, and 16E are diagrams of
other elementary matrices according to various embodi-
ments of the disclosure;

FIGS. 17A, 17B, 17C, 17D, and 17E are diagrams of
other elementary matrices according to various embodi-
ments of the disclosure;

FIGS. 18A, 18B, 18C, 18D, and 18E are diagrams of
other elementary matrices according to various embodi-
ments of the disclosure;

FIGS. 19A, 19B, 19C, 19D, and 19E are diagrams of
other exponential matrices according to various embodi-
ments of the disclosure;

FIGS. 20A, 20B, 20C, 20D, and 20E are diagrams of
other exponential matrices according to various embodi-
ments of the disclosure;

FIGS. 21A, 21B, 21C, 21D, 21E, 21F, 21G, 21H, 211, and
21]J are diagrams of other elementary matrices according to
various embodiments of the disclosure;

FIGS. 22A, 22B, 22C, and 22D are diagrams of other
exponential matrices according to various embodiments of
the disclosure;

FIGS. 23A, 23B, 23C, and 23D are diagrams of other
exponential matrices according to various embodiments of
the disclosure; and

FIGS. 24A, 24B, 24C, and 24D are diagrams of other
elementary matrices according to various embodiments of
the disclosure.

Throughout the drawings, like reference numerals will be
understood to refer to like parts, components, and structures.

DETAILED DESCRIPTION

The following description with reference to the accom-
panying drawings is provided to assist in a comprehensive
understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes
various specific details to assist in that understanding but
these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various
changes and modifications of the various embodiments
described herein can be made without departing from the
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scope and spirit of the disclosure. In addition, descriptions of
well-known functions and constructions may be omitted for
clarity and conciseness.

The terms and words used in the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and
consistent understanding of the disclosure. Accordingly, it
should be apparent to those skilled in the art that the
following description of various embodiments of the disclo-
sure is provided for illustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surfaces.

By the term “substantially” it is meant that the recited
characteristic, parameter, or value need not be achieved
exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accu-
racy limitations and other factors known to those of skill in
the art, may occur in amounts that do not preclude the effect
the characteristic was intended to provide.

A low density parity check (LDPC) code first introduced
by Gallager in the 1960’s was forgotten for a long time due
to its complexity that causes the implementation thereof to
be difficult in view of the technical level at that time.
However, in the year 1993, as a turbo code proposed by
Berrou, Glavieux, and Thitimajshima showed the perfor-
mance approaching the channel capacity of Shannon, many
researches for channel encoding based on a graph and
iterative decoding were made with a lot of analysis made for
the performance and the characteristic of the turbo code.
Taking this opportunity, the LDPC code was restudied in the
latter half of the 1990s, and it became clear that the LDPC
code also had the performance approaching the channel
capacity of Shannon by performing decoding through appli-
cation of the iterative decoding based on a sum-product
algorithm on a Tanner graph corresponding to the LDPC
code.

In general, the LDPC code is defined as a parity check
matrix, and may be expressed using a bipartite graph com-
monly called a Tanner graph.

FIG. 1 is a diagram illustrating a structure of a systematic
LDPC codeword according to an embodiment of the disclo-
sure.

Hereinafter, referring to FIG. 1, a systematic LDPC
codeword will be described.

Referring to FIG. 1, an LDPC code receives an input of
an information word 102 composed of K. bits or symbols,
and generates a codeword 100 composed of N,,,. bits or
symbols. Hereinafter, for convenience in explanation, it is
assumed that an information word 102 including K,,,,. bits
is input, and a codeword 100 composed of N,,,. bits is
generated. For example, if an information word I=[i,, i,
Iy « . ., iKMpC—l] 102 composed of K,,,. input bits is
LDPC-encoded, a codeword ¢=[c,, ¢;, €, €5, - -+, Cp, 1]
100 is generated. For example, the information word and the
codeword are bit strings composed of a plurality of bits, and
an information word bit and a codeword bit mean respective
bits constituting the information word and the codeword. If
a codeword includes an information word, such as: C=[c,,
C1 €25 v Cg\ﬁdpc—l]:[ios i, o, - s iKMpC—ls Pos P1> P2s - - -5
PN K 11, it 1s called a systematic code. Here, P=[p, p;,

P2 - - -5 P, C—KMPC—I] is a parity bit 104, and the number of
parity bits N;a,i,y may be expressed as N, ,,,, Ny, ~Ky -
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The LDPC code is a kind of linear block code, and
includes a process of determining a codeword that satisfies
a condition as expressed in mathematical expression 1
below.

Mathematical expression 1

Hcl'=[h o hhyy 1]-c" = Z cihi=0

Here, C is. c=[cg, €, €y - - - Cx,, —1]
In the mathematical expression ID,C H denotes a parity
check matrix, C denotes a codeword, c, denotes the i-th bit,

and N, .+ denotes a length of an LDPC codeword. Here,
h, denotes the i-th column of the parity check matrix H.

The parity check matrix H is composed of N,,,.. columns
the number of which is equal to the number of bits of the
LDPC codeword. Since the mathematical expression 1
means that the sum of multiplication of the i-th column h; of
the parity check matrix and the i-th codeword bit ¢, is 0, the
i-th column b is related to the i-th codeword bit c,.

FIG. 2 is a diagram illustrating a graph expression method
of an LDPC code according to an embodiment of the
disclosure.

Referring to FIG. 2, a graph expression method of an
LDPC code will be described.

FIG. 2 illustrates an example of a parity check matrix H,
of'an LDPC code composed of 4 rows and 8 columns and a
Tanner graph illustrating the same. Referring to FIG. 2, since
the parity check matrix H, has 8 columns, it generates a
codeword having a length of 8. A code generated through H,
means an LDPC code, and each column corresponds to
encoded 8 bits.

Referring to FIG. 2, the Tanner graph of the LDPC code
that performs encoding and decoding based on the parity
check matrix H; is composed of 8 variable nodes x,(202),
X,(204), x5(206), x,(208), x5(210), x45(212), x,(214), and
X5(216) and 4 check nodes 218, 220, 222, and 224. Here, the
i-th column and the j-th row of the parity check matrix H,
of the LDPC code respectively correspond to the variable
node x, and the j-th check node. Further, the value of 1, that
is, non-zero value, at a point where the j-th column and the
j-th row of the parity check matrix H, of the LDPC code
cross each other means existence of an edge connecting the
variable node x, and the j-th check node with each other on
the Tanner graph as shown in FIG. 2.

In the Tanner graph of the LDPC code, the degree of the
variable node and the check node means the number of
edges connected to the respective nodes, and this number is
equal to the number of non-zero entries in the column or the
row corresponding to the corresponding node in the parity
check matrix of the LDPC code. For example, the degrees of
the variable nodes x,(202), x,(204), x,(206), x,(208),
x5(210), x45(212), x,(214), and x4(216) in FIG. 2 respectively
become 4, 3, 3, 3, 2, 2, 2, and 2 in order, and the degrees of
the check nodes 218, 220, 222, and 224 become 6, 5, 5, and
5 in order. Further, in the respective columns of the parity
check matrix H; of FIG. 2 corresponding to the variable
nodes of FIG. 2, the number of non-zero entries coincides
with the above-described degrees 4, 3, 3, 3, 2, 2, 2, and 2 in
order, and in the respective rows of the parity check matrix
H; of FIG. 2 corresponding to the check nodes of FIG. 2, the
number of non-zero entries coincides with the above-de-
scribed degrees 6, 5, 5, and 5 in order.
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The LDPC code can be decoded using an iterative decod-
ing algorithm based on the sum-product algorithm on the
bipartite graph enumerated in FIG. 2. Here, the sum-product
algorithm is a kind of message passing algorithm, and such
a message passing algorithm is an algorithm in which
messages are exchanged through edges on the bipartite
graph, and an output message is calculated and updated from
the messages input to the variable nodes or the check nodes.

Here, the i-th encoding bit value can be determined based
on the message of the i-th variable node. Both hard decision
and soft decision are possible for the i-th encoding bit value.
Accordingly, the performance of ci that is the i-th bit of the
LDPC codeword corresponds to the performance of the i-th
variable node of the Tanner graph, and this may be deter-
mined in accordance with the position and the number of 1
in the i-th column of the parity check matrix. In other words,
the performance of N,,,. codeword bits of the codeword
may be dominated by the position and the number of 1 of the
parity check matrix, and this means that the performance of
the LDPC code is greatly affected by the parity check
matrix. Accordingly, in order to design the LDPC code
having superior performance, there is a need for a method
for designing a good parity check matrix.

For implementation of the parity check matrix used in the
communication or broadcasting system, a quasi-cycle LDPC
(QC-LDPC) code generally using a quasi-cyclic type parity
check matrix is widely used.

The QC-LDPC code is featured to have a parity check
matrix composed of zero matrices in the form of square
matrices or circulant permutation matrices. In this case, the
permutation matrix indicates a matrix in which all entries of
the square matrix are 0 or 1 and each row or column includes
only one 1. Further, the circulant permutation matrix means
a matrix in which respective entries of an identity matrix are
circularly shifted to the right.

Hereinafter, the QC-LDPC code will be described below.

First, a circulant permutation matrix P=(P, ;) with LxL
size is defined as in mathematical expression 2. Here, P,
means an entry in the i-th row and in the j-th column of the
matrix P (here, O<i, and j<L).

1 ifi+l=jmodL

With respect to the permutation matrix P as defined above,
P’ (0=i<L) is a circulant permutation matrix in the form in
which respective entries of an identity matrix with LxL size
are circularly shifted in the right direction as many as
i-times.

The parity check matrix H of the simplest QC-LDPC code
may be expressed in the form of mathematical expression 3
below.

Mathematical expression 2

otherwise.

PPl paL2 FAln Mathematical expression 3
P2l pon Po2n

H=| | . .
Poml PPm2 ... PPmn

If P! is defined as a zero matrix with LxL size, each
exponent o, ; of the circulant permutation matrix or the zero
matrix in the mathematical expression 3 has one of {-1, 0,

1,2,...,L-1} values. Further, since the parity check matrix
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H in the mathematical expression 3 has n column blocks and
m row blocks, it has an mLxnL size.

If the parity check matrix in the mathematical expression
3 has a full rank, it is apparent that the size of information
word bits of the QC-LDPC code corresponding to the parity
check matrix becomes (n-m)L. For convenience, (n-m)
column blocks corresponding to the information word bits
are called column blocks, and m column blocks correspond-
ing to the remaining parity bits are called parity column
blocks.

In general, a binary matrix with mxn size obtained by
respectively replacing each circulant permutation matrix and
zero matrix by 1 and O in the parity check matrix of the
mathematical expression 3 is called a mother matrix or a
base matrix M(H), and an integer matrix with mxn size
obtained by selecting exponents of each circulant permuta-
tion matrix and zero matrix as in mathematical expression 4
is called an exponential matrix E(H) of the parity check
matrix.

ayy a2 o Qi Mathematical expression 4
a1 Gpp v Opp

EH)=| . . .
Aml G2 " Opn

As aresult, one integer included in the exponential matrix
corresponds to the circulant permutation matrix in the parity
check matrix, and thus for convenience, the exponential
matrix may be expressed as sequences composed of integers
(the above-described sequence may also be called an LDPC
sequence or an LDPC code sequence in order to discriminate
from other sequences). In general, the parity check matrix
can be expressed as not only the exponential matrix but also
a sequence having algebraically the same characteristics. In
an embodiment of the disclosure, for convenience, the parity
check matrix is expressed as the exponential matrix or the
sequence indicating the position of 1 existing in the parity
check matrix. However, there are various sequence notation
methods capable of discriminating the position of 1 or 0
included in the parity check matrix, and thus the parity check
matrix is not limited to methods expressed in the description,
but may be expressed in various sequence forms represent-
ing algebraically the same effects.

Further, a transceiver on a device may perform LDPC
encoding and decoding by directly generating the parity
check matrix, or may perform the LDPC encoding and
decoding using the exponential matrix or the sequence
having algebraically the same effect as that of the parity
check matrix in accordance with the features on implemen-
tation. Accordingly, although in an embodiment of the
disclosure, the encoding/decoding using the parity check
matrix has been described for convenience, it should be
considered that the encoding/decoding can be implemented
using various methods capable of obtaining the same effect
as that of the parity check matrix.

For reference, algebraically the same effect means that it
is possible to explain that two or more different expressions
are completely equal to each other or are convertible with
each other in logics or mathematics.

In an embodiment of the disclosure, it is described that,
for convenience, one circulant permutation matrix corre-
sponds to one block, but the disclosure can be applied to
even a case where several circulant permutation matrices are
included in one block. Forlexam(gle, if a sum of two circulant
permutation matrices P,* P, is included in one position
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of the i-th row block and the j-th column block, the expo-
nential matrix may be expressed as in mathematical expres-
sion 6. In the matrix as in the mathematical expression 6, it
can be known that two integers correspond to the i-th row
and the j-th column corresponding to the row block and the
column block including the sum of the plurality of circulant
permutation matrices.

Mathematical expression 5

(1) (2)
i PV

Mathematical expression 6

. (0] (2) I
ol ) 300

As in the embodiment as described above, it is general
that the QC-LDPC code is featured so that a plurality of
circulant permutation matrices may correspond to one row
block and one column block in the parity check matrix. In
the disclosure, for convenience, only a case where one
circulant permutation matrix corresponds to one block will
be described, but the subject matter of the disclosure is not
limited thereto. For reference, a matrix with LxL size in
which a plurality of circulant permutation matrices are
duplicate in one row block and one column block is referred
to as a circulant matrix or circulant.

On the other hand, a mother matrix or a base matrix for
the parity check matrix and the exponential matrix in the
mathematical expressions 5 and 6 means a binary matrix
obtained by respectively replacing each circulant permuta-
tion matrix and zero matrix by 1 and O in a similar manner
to that of the definition used in the mathematical expression
3, and the sum of the plurality of circulant permutation
matrices (i.e., a circulant matrix) included in one block is
simply replaced by 1.

Since the performance of the LDPC code is determined in
accordance with the parity check matrix, it is necessary to
design the parity check matrix for the LDPC code having
superior performance. Further, in order to various services in
the system, an LDPC encoding or decoding method capable
of supporting flexible input length and coding rate is nec-
essary. In designing the LDPC code, not only the encoding
performance and flexibility but also decoding efficiency
becomes an important factor. In general, it is well known
that the QC-LDPC code has structure advantageous to
parallel decoding, and the parallel decoding is suitable to
reduce latency due to the decoding by increasing decoding
throughput. The parallel decoding of the QC-LDPC code
can further maximize the decoding efficiency in accordance
with the base matrix of the parity check matrix. In an
embodiment of the disclosure, a base matrix structure
capable of maximizing the decoding efficiency is proposed,
and in addition, a method for designing the base matrix is
proposed.

FIG. 3 is a diagram of a structure of a parity check matrix
of an LDPC code according to an embodiment of the
disclosure.

Referring to FIG. 3, a structure of a parity check matrix
as shown in FIG. 3 will be described. In FIG. 3, parts of
partial matrices A and D correspond to K information word
bits, and remaining parts of partial matrices B and D
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correspond to G first parity bits. Partial matrices C and E
correspond to (N-K-G) second parity bits. Generally, in an
LDPC encoding/decoding system based on the parity check
matrix having the structure of FIG. 3, C may be configured
to a zero matrix, and E may be limited to an identity matrix
or a lower triangular matrix. In an embodiment of the
disclosure in order to support various multi-rates or a
technology requiring high flexibility, such as incremental
redundancy (IR) HARQ. In an embodiment of the disclo-
sure, for convenience in explanation, only a case where E is
an identity matrix will be described below, but the subject
matter of the disclosure is not limited to the case where E is
an identity matrix.

FIGS. 4A to 4C are diagrams of an exponential matrix
according to various embodiments of the disclosure.

Referring to FIGS. 4A to 4C, an exponential matrix of
FIG. 4A will be described below. For reference, FIGS. 4B
and 4C are enlarged diagrams illustrating respective parts of
the exponential matrix of FIG. 4A. FEach part of FIG. 4A
corresponds to a matrix in which matrices corresponding to
drawing reference numerals described on the respective
parts are combined. Accordingly, one exponential matrix as
shown in FIG. 4A can be configured through combination of
the parts of FIGS. 4B and 4C.

A base matrix for the exponential matrix of FIG. 4A is as
shown in FIG. 5. In the exponential matrix of FIG. 4A, an
empty subblock means a zero matrix having a size of ZxZ,
and entry 0 means an identity matrix. Further, in the base
matrix of FIG. 5, an empty block means that the entry is 0.

FIG. 5 is a diagram of an elementary matrix according to
an embodiment of the disclosure.

Referring to FIG. 5, the position of the circulant matrix in
each row block of FIG. 4A, that is, the position of 1 in each
row of FIG. 5, may be summarized based on the column
block to be exemplarily expressed as follows (first row starts
as zeroth row).

Row-6: {0, 1, 13, 16, 23, 38}

Row-7: {1, 2, 4, 10, 11, 13, 17, 21, 27, 32, 39}
Row-8: {0, 8, 15, 19, 24, 30, 35, 40}

Row-9: {0, 1, 5, 9, 14, 20, 22, 25, 41}
Row-10: {0, 1, 3, 29, 33, 37, 42}

Row-11: {1, 6, 12, 14, 20, 23, 26, 43}

In general, in case where the LDPC decoder performs
decoding of the LDPC code using one block parallel pro-
cessor, the decoding is successively performed in the unit of
blocks corresponding to the above-described positions in the
respective row blocks. In case of using two or more block
parallel processors, each processor performs successive
decoding in the unit of a block properly divided from the
respective row blocks. In this case, the blocks divided from
the respective row blocks should be divided in a rule
determined with respect to all the row blocks in accordance
with the hardware implementation characteristics. For
example, it may be considered that the LDPC decoder
processes scheduling through two block parallel processors,
as shown in FIG. 6, by dividing the circulant permutation
matrices included in the respective row blocks into circulant
permutation matrices corresponding to even column blocks
and circulant permutation matrices corresponding to odd
column blocks.

FIG. 6 is a diagram of scheduling to perform LDPC
decoding using two block parallel processors with respect to
a parity check matrix having the elementary matrix of FIG.
5 according to an embodiment of the disclosure
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FIG. 6 illustrates an example of scheduling enumerating
positions of blocks corresponding to one circulant permu-
tation matrix processed by the respective processors in the
flow order. For example, processor O processes row-6 in the
order of zeroth, 16”, and 38" blocks, and then processes
row-7 in the order of second, fourth, 10%, 32”%, and 397
blocks.

Referring to FIG. 6, in accordance with a determined rule,
the first processor processes only the circulant permutation
matrices positioned in the even column blocks, and the
second processor processes only the circulant permutation
matrices positioned in the odd column blocks. Here, it is
assumed that the column blocks having the degree of 1 does
not follow the above-described rule, and in order to mini-
mize an idle time of the respective processors, a proper
processor can selectively process the corresponding column
blocks.

Even if the LDPC decoder designed in the above-de-
scribed rule using two block parallel processors can properly
arrange the blocks corresponding to the column block hav-
ing the degree of 1, the idle time of a specific processor may
become long like a case of row-10 in FIG. 6. Since ineffi-
ciency of such a process finally increases the overall pro-
cessing time, decoding throughput per hour is reduced, and
thus this may cause decoding delay as a result. In other
words, in case of normally performing decoding using two
or more block parallel processors, it is required for the
respective processors to divide blocks included in the
respective row blocks (i.e., circulant permutation matrices)
into sets as many as the number of processors through a
proper rule so as to well allocate the blocks to be processed
by the respective processors.

However, it is generally difficult to divide the blocks as
many as the number of processors through the proper rule as
described above after designing a base matrix for the parity
check matrix of the LDPC code without considering the use
of two or more block parallel processors. In particular, it is
much more difficult to do so in a situation where it is not
known whether the LDPC decoder is to use two, three, or
four block parallel processors.

The disclosure proposes a method for designing a base
matrix capable of maximizing the decoding efficiency based
on the use of two or more block parallel processors by
limiting the position of the circulant permutation matrix in
the exponential matrix, that is, by limiting the position of
entry 1 in the base matrix, based on the use of a plurality of
block parallel processors.

First, if it is assumed that a base matrix to be designed is
given as a matrix of F1G. 3, it may be considered that the size
of A is gxk, the size of B is gxg, the size of D is
(n-k-g)x(k+g), and the size of E is (n-k-g)x(n-k-g). For
convenience in explanation, in the following embodiment of
the disclosure, a case where C is a zero matrix and E is an
identity matrix will be described, but basically, the method
proposed in an embodiment of the disclosure is not neces-
sary to be limited thereto.

The main subject of the disclosure is to propose a method
for designing a base matrix so that position indexes for each
entry 1 of each row in the base matrix is divided into sets in
which the numbers of entries are similar to each other in
accordance with a predetermined rule based on the use of a
plurality of block parallel processors. For convenience, such
division of the position indexes for each entry 1 of each row
in the base matrix into sets in which the numbers of entries
are similar to each other in accordance with the predeter-
mined rule is called balancing. In other words, the balancing

15

25

40

45

50

55

65

12

means maximally uniform allocation in allocating each entry
1 for each row to two or more sets in accordance with the
predetermined rule.

In this case, if a difference between the numbers of entries
1 of the row allocated to the two or more sets is equal to or
smaller than 1, it is called perfect balancing, whereas if a
difference between the numbers of entries 1 of the row
allocated to the two or more sets is equal to or smaller than
2, it is called weakly balancing.

In other words, the balancing means maximally uniform
classification of entries 1 of the respective rows into two or
more groups in accordance with the predetermined rule. In
this case, if the difference between the numbers of entries 1
included in the two or more groups is equal to or smaller
than 1, it is referred to as perfect balancing achieved,
whereas if the difference between the numbers of entries 1
of the row allocated to the two or more sets is equal to or
smaller than 2, it is referred to as weakly balancing achieved.

Further, in other words, in expressing the balancing, the
base matrix balancing may mean that entries 1 of the
respective rows may be classified into two or more groups
or sets in accordance with the predetermined rule, and a case
where the difference between the numbers of entries 1
included in the respective groups or sets or the difference
between the numbers of their indexes is equal to or smaller
than 1 may be expressed as a base matrix satisfying the
perfect balancing, whereas a case where the difference is
equal to or smaller than 2 may be expressed as a base matrix
satistying the weakly balancing.

On the other hand, in an embodiment of the disclosure, the
balancing having different characteristics, such as perfect
balancing, weakly balancing, and strongly balancing, may
be expressed using terms of first balancing, second balanc-
ing, and third balancing. The base matrix designed as above
serves to reduce the idle time when the LDPC decoding is
performed based on the position indexes corresponding to
the respect sets using the block parallel processors the
number of which corresponds to the number of sets. Here, it
is apparent that the position indexes can have the numbers
0 to (n-1).

Prior to the design of the base matrix, it is assumed that
the possible number of block parallel processors to be used
when the LDPC decoding is performed using the parity
check matrix of the LDPC code having the corresponding
base matrix corresponds to q;, s, - - - , q,. In other words,
it is assumed that the base matrix is designed based on all
cases where q;, q,, - . ., q, block parallel processors are
used. If it is assumed that the LDPC decoding is performed
using q, (i=1, 2, . . ., P) block processors, in order to
minimize the idle time, position indexes j,, j,, . . . , j; 0f each
1 with respect to the row having the degree of d in the base
matrix should be divided into q, partial matrices having
maximally the same number of entries. This should be
established in the same manner with respect to all rows.

Embodiments satisfying such characteristics are as fol-
lows.

First, as described in mathematical expression 7, q; sets
are defined with respect to 1=1, 2, . . . , P.

S={xlx=i(mod ¢,),x=0,1, . . . n-1},

i=0,1,2, ... ,9-1 Mathematical expression 7

To help understanding, a simple example of the math-
ematical expression 7 is expressed in mathematical expres-
sion 8 below.

i) when defined as q,=2

So={xlx=0(mod 2)x=0,1, ... 45}={0,248, ... 42,
44}
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S ={xlx=1(mod 2)x=0,1, ... 45}={13,5,7, . . . A3,
45}

i1) when defined as q,=3

So={xlx=0(mod 3)x=0,1, . ..45}={036, ... ,42,
45}

S, ={xlx=1(mod 3)x=0,1, ... 45}={1,4,7, ... ,40,
43}

S,={xlx=2(mod 3)x=0,1, ...45}={2,538, ... 41,
44}

iii) when defined as q,=4
BE!

So={xlx=0(mod 4)x=0,1, . .. 45}={0,43, .. . ,40,
44}

S, ={xlX=1(mod 4)x=0,1, . .. 45}={1,5,9, . . . ,41,
45}

. 45)={2,6,10, . . . 38,

So={xIx=2(mod 4)x=0,1, . .
42}

45)={3,7,11, . .. 39,

S3={xIx=3(mod 4)x=0,1, . .
43} Mathematical expression 8

(q,=In case of definition as 2 sets, q,=In case of definition
as 3 sets, q;=In case of definition as 4 sets)

In the mathematical expressions 7 and 8, there may be
various methods for defining q, sets. In an embodiment of
the disclosure, for convenience in explanation, examples
expressed in the mathematical expressions 7 and 8 will be
described. However, the scope of the disclosure is not
limited thereto, and in case of generally defining q, sets, it
is not necessary for the respective sets to have the same
number of entries, but may be properly defined as needed.
However, the respective sets S, should always have different
entries.

In the base matrix, information on the position of 1 in each
row may be expressed as an index set as expressed in
mathematical expression 9.

Ind(iy={wiiHi=0,1, . . . d-1},
i=0,1, ... N-K-1.

Here, w(i,j) means a position of a column in which the j-th
1 of the i-th row exists, and d;, means the degree of the i-th
row.

To help understanding, a simple example of the math-
ematical expression 9 is expressed in mathematical expres-
sion 10 below with reference to FIG. 5.

Mathematical expression 9

Ind(6) = {w(6, 0) Mathematical expression 10
=0, w6, 1)

=1, w6, 2)

=13, w(6,3)

=16, w(6, 4)

=23, w(6, 5)

=38}

Ind(10) = {w(10, 0)
=0, w(10, 1)
=1, w(10,2)
=3, w(10,3)
=29, w(10, 4)
=33, w(10, 5)
=37,, w(l0, 6)
=42}
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Index sets expressed in the mathematical expression 9
may be divided into q, partial sets satisfying mathematical
expression 11 below without having common entries (=1,
2,...,DP).

RGi)~{xxEMdG)NS},

i=0,1, ... ,N-K-1,j=0,1,... 91 Mathematical expression 11

Here, S, and Ind(i) are sets respectively defined in the
mathematical expressions 7 and 9.

It is to be noted that in the mathematical expression 7, for
convenience in explanation, respective sets S, have almost
the same number of entries, and are simply divided based on
a modulo operation. However, in general, it does not matter
if the numbers of entries are greatly different from each other
and if the entries are divided on more complicated condi-
tions. However, the different sets S; should be disjoint
without having common entries.

In an embodiment of the disclosure, if the set R(i,)
defined in the mathematical expression 11 satisfies condi-
tions of mathematical expression 12 below, it is called that
the weight distribution of the base matrix as expressed in the
mathematical expression 9 is perfectly balanced.

Index sets defined in mathematical expression 9 always
satisfy the followings with respect to j,=j,, (0=j;, j»<q,)

IRG7)I-IRG /)<L, i=0,1, . .

In the base matrix satisfying the conditions expressed in
the mathematical expression 12, it can be known that the idle
time is minimized in case where the j-th processors among
q, block parallel processors successively perform the LDPC
decoding with respect to the circulant permutation matrix in
a position included in R(i,j).

However, it is difficult to design a base matrix satisfying
the condition expressed in the mathematical expression 12.
This is because in designing a good base matrix, distribution
of the number of 1 in each row and column of the base
matrix or the parity check matrix and the cyclic character-
istics on the Tanner graph exert influences as important
factors. For example, it is very difficult to design a base
matrix satisfying god weight distribution, good cyclic char-
acteristics, and conditions expressed in the mathematical
expression 12 at the same time.

Due to the above-described reason, with respect to the
conditions on the index sets defined in the mathematical
expression 12, it is called that the weight distribution of the
base matrix satisfying somewhat eased conditions as
expressed in mathematical expression 13 below is weakly
balanced.

Index sets defined in mathematical expression 9 always
satisfy the followings with respect to j,;#j,, (0=j,.,j,<q;)

. ,N-K-1 Mathematical expression 12

IRGEj)I-IR(,j>)||=2,i=0,1, . . . ,N-K-1. Mathematical expression 13

Even in case where the weight distribution of the base
matrix satisfying the conditions in the mathematical expres-
sion 13 is weakly balanced, the idle time is greatly reduced
when the LDPC decoding is performed using a plurality of
processors. However, it is apparent that this case is ineffi-
cient as compared with the perfectly balanced case. In this
case, however, due to the eased conditions, it becomes easy
to design the base matrix for god parity check matrix based
on the encoding performance of the LDPC code.

A method is proposed, in which it is somewhat simple to
design a good base matrix in simultaneous consideration of
the perfectly balanced case and the weakly balanced case,
and the idle time can be greatly reduced during the LDPC
decoding using a plurality of processors.
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First, index sets defined in the mathematical expression 9
will be newly defined as in mathematical expression 13
below.

Ind(@)={wi@.)ij=0,1, . . .
i=0,1, ... N-K-1.

A1},
Mathematical expression 14

Here, w(i,j) means a position of a column, in which the
j-th 1 of the i-th row exists, excluding a column having the
degree of 1, and d, means the degree of the i-th row,
excluding entries in the column having the degree of 1.

In an embodiment of the disclosure, if the set R(i,j)
defined in the mathematical expression 11 from the index
sets defined in the mathematical expression 14 satisfies
conditions of mathematical expression 15 below, it is called
that the weight distribution of the base matrix as expressed
in the mathematical expression 9 is strongly balanced.

Index sets defined in mathematical expression 14 always
satisfy the followings with respect to j,=j,, (0=j,.,j,<q,).

IRG/)I-IR(j5)|=2,i=0,1, . . . ,N~-K-1 Mathematical expression 15

In the mathematical expression 15, it is considered that
the columns having the degree of 1 are excluded from the
mathematical expression 14. This is because it is easy to
freely allocate the columns having the degree of 1 to block
parallel processors as compared with other columns. The
feature of the strongly balancing expressed in the math-
ematical expression 15 will now be described below.

Basically, the strongly balancing expressed in the math-
ematical expression 15 has the similar characteristic to the
weakly balancing that can be expressed as in the mathemati-
cal expression 13. However, the strongly balancing is greatly
different from the weakly balancing on the point that entry
1 corresponding to a column having the degree of 1 is
excluded in classifying entries 1 of respective rows of the
base matrix into two or more sets or groups. In other words,
the strongly balancing means maximally uniform allocation
of remaining entries 1 excluding entry 1 corresponding to a
column having the degree of 1 from each row to two or more
sets in accordance with a predetermined rule. In this case, if
the difference between the numbers of entries 1 to be
allocated to the two or more sets is equal to or smaller than
2, it is referred to as strongly balancing achieved. Further, in
other words, in expressing the strongly balancing, it means
maximally uniform classification of remaining entries 1
excluding entry 1 corresponding to a column having the
degree of 1 from each row into two or more groups in
accordance with a predetermined rule. In this case, if the
difference between the numbers of entries 1 to be included
in the two or more groups is equal to or smaller than 2, it is
referred to as strongly balancing achieved. In other words,
the strongly balancing of the base matrix means that remain-
ing entries 1 excluding entry 1 corresponding to a column
having the degree of 1 from each row can be classified into
two or more groups or sets in accordance with a predeter-
mined rule. In this case, if the difference between the
numbers of entries 1 to be included in the respective groups
or sets or the difference between the numbers of their
indexes is equal to or smaller than 2, it is referred to as the
base matrix satisfying the strongly balancing condition as
expressed in the mathematical expression 15. Accordingly,
in case where the strongly balancing condition as expressed
in the mathematical expression 15 is satisfied, the strongly
balancing has the characteristic that is very close to the
characteristic of the perfect balancing as defined in the
mathematical expression 12 through proper allocation of
circulant permutation matrices corresponding to columns
having the degree of 1 to processors, and thus the idle time
of the processors can be greatly reduced.
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FIG. 7 is a diagram of an elementary matrix according to
an embodiment of the disclosure.

Referring to FIG. 7, to help understanding, as a detailed
embodiment of the disclosure, a base matrix illustrated in
FIG. 7 will be described. In the base matrix of FIG. 7, it is
to be noted that an empty block means that an entry is O.

The position (i.e., a position of a column block in which
the circulant permutation matrix is positioned in an actual
parity check matrix) in which 1 exists in each row of FIG.
7 may be summarized based on the column block to be
exemplarily expressed as follows (first row starts as zeroth
row).

Row-6: {0, 1, 2, 11, 25, 38}

Row-7: {1, 5, 10, 14, 15, 19, 20, 21, 32, 39}
Row-8: {0, 1,3, 4, 9, 11, 13, 28, 34, 40}
Row-9: {0, 1, 6, 7, 12, 26, 37, 41}

Row-10: {0, 1, 3, 9, 11, 14, 28, 42}
Row-11: {0, 1,2, 4, 5, 8, 27, 31, 43}

Based on a case where an LDPC decoding is performed
with respect to a parity check matrix having the base matrix
of FIG. 7 using two block parallel processors, sets defined in
the mathematical expressions 7, 11, and 14 may be summa-
rized to be expressed as in mathematical expression 16
below.

So={xIx=0(mod 2)x=0,1, . .. 45}

Si={xIx=1(mod 2)x=0,1, . . . 45},

Ind(6)={0,1,2,11,25},
Ind(T)={1,5,10,14,15,19,20,21,32},
Ind(8)={0,1,3,49,11,13,28,34},
Ind(9)={0,1,6,7,12,26 37}
Ind(10)={0,1,3,9,11,14,28}

Ind(11)={0,1,2,4,5,8,27,31,},

R(6,0)={0,2,38},R(6,1)={1,11,25}
R(7,0)={10,14,20,32},R(7,1)={1,5,15,19,21}
R(8,0)={10,4,28,34} R(8,1)={1,3,9,11,13}
R(9,0)={0,6,12,26},R(9,1)={1,7,37}

Mathematical expression 16

Referring to FIG. 7 and the mathematical expression 16,
it can be identified that the base matrix of FIG. 7 satisfies the
mathematical expression 15, and thus it is the strongly
balanced base matrix. Accordingly, it may be considered that
the LDPC decoder processes scheduling through two block
parallel processors, as shown in FIG. 8, by dividing the
circulant permutation matrices included in the respective
row blocks into circulant permutation matrices correspond-
ing to even column blocks and circulant permutation matri-
ces corresponding to odd column blocks.

FIG. 8 is a diagram of scheduling to perform LDPC
decoding using two block parallel processors with respect to
a parity check matrix having the elementary matrix of FIG.
7 according to an embodiment of the disclosure.
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FIG. 8 illustrates an example of scheduling enumerating
positions of blocks corresponding to one circulant permu-
tation matrix processed by the respective processors in the
flow order. For example, processor O processes row-6 in the
order of zeroth, second, and 38” blocks, and then processes
row-7 in the order of 107, 14”207, and 32" blocks. In this
case, it can be identified that the circulant permutation
matrices corresponding to column blocks having the degree
of 1 are properly arranged in the respective processors. For
example, it corresponds to a case where when the proces-
sor-0 processes row-7, the circulant permutation matrix of
the 39” column block is processed.

Referring to FIG. 8, it can be known that the idle time of
each processor has been minimized. In case of actually
designing the base matrix to satisfy the strongly balancing
condition of the mathematical expression 15, it becomes
easy to design the base matrix almost close to the perfect
balancing condition of the mathematical expression 12.

In case of FIG. 8, a case where the number of block
parallel processors of the LDPC decoder is 2 and a case
where the number of the processors is 4 are simultaneously
considered in designing the base matrix. For example, on the
assumption of 4 processors with respect to the base matrix
of FIG. 8, sets defined in the mathematical expressions 7 and

11 are summarized again as follows.
So={xIx=0(mod 4)x=0,1, . . . 45},
S={xIx=1(mod 4)x=0,1, . . . 45},
So={xIx=2(mod 4),x=0,1, . . . 45},
S3;={xIx=3(mod 4)x=0,1, . .. 45}.

R(6,0)={0},R(6,1)={1,25},R(6,2)={2},R(63)={11}

R(7,00={20,32},R(7,1)={1,5,21 },R(7,2)={10,14},R(7,
3)={15,19}

R(8,0)={0,4,28},R(8,1)={1,9,13},R(8,2)={34},R(8,3)

>

R(9,0)={0,12},R(9,1)={1,37},R(9,2)={6,26},R(9,3)
= 7}

As described above, in designing the base matrix having
the perfect balanced, weakly balanced, or strongly balanced
weight distribution, it can be known that the design basis of
the base matrix is changed in accordance with the number of
block parallel processors being considered. In the embodi-
ment of FIG. 8, the strongly balancing condition is satisfied
simultaneously with respect to a case where two block
processors are used and a case where four block processors
are used.

If q, sets are defined in the mathematical expression 7, the
base matrices satisfying the balancing condition presented in
the mathematical expressions 12, 13, and 15 express, for
convenience, to satisfy perfect q,-balancing, weakly q,-bal-
ancing, and strongly q,-balancing, respectively. For
example, the base matrix of FIG. 8 may simultaneously
satisfy weakly 2-balancing and weakly 4-balancing, or may
simultaneously satisfy 2-balancing and 4-balancing.

If the number of block parallel processors to be used in the
LDPC decoder is unclear, and respective balancing condi-
tions are satisfied in simultaneous consideration of cases
where (q;, s, - - - , qp) processors are used, they are
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expressed as, for convenience, perfect (q;, qs, - - -
balancing, weakly (q;, q,, - -
(415 925 - - - » qp)-balancing.

In an embodiment of the disclosure as described above,
the sets Si are divided based on a specific rule, for conve-
nience, using modulo, but are not limited thereto. The
division of Si may be properly irregularly defined in accor-
dance with the requirements of the system, and the number
of entries of each set may differ. However, the respective sets
Si should have different entries to maintain the disjoint
characteristics.

In an embodiment of the disclosure, as a method for
designing a base matrix of another LDPC code to minimize
an idle time in case of using two or more block parallel
processors, partial windowing-orthogonal conditions will be
described.

First, the structure of a base matrix or an exponential
matrix suitable to the existing well-known layered decoding
will be briefly described based on FIGS. 9A to 9C. For
reference, FIGS. 9B and 9C are enlarged diagrams of
respective parts divided from the exponential matrix of FIG.
9A. Respective parts of FIG. 9A correspond to matrices in
which matrices corresponding to drawing reference numer-
als described for the respective parts are combined. Accord-
ingly, one exponential matrix as shown in FIG. 9A may be
configured through combination of parts as illustrated in
FIGS. 9B and 9C.

FIGS. 9A to 9C are diagrams of an exponential matrix
according to various embodiments of the disclosure.

Referring to FIGS. 9A to 9C, it can be known that the 67,
7%, and 8" rows are orthogonal to each other. Here, the
orthogonality means that a circulant permutation matrix
does not exist in the same column block position in each
row. For example, maximally 1 circulant permutation matrix
exists in each column block of the selected 67, 7%, and 8
rows. In the same manner, the 97, 107, 117, and 127 rows
are orthogonal to each other, and the 137 14% 15" 16™
and 17 rows are also orthogonal to each other. However,
the 12 and 13” rows are not orthogonal to each other (refer
to the 3’ row block).

The orthogonal structure as described above is a structure
suitable to the layered decoding, that is, the decoding based
on row parallel processors. The row parallel processor
generally corresponds to a method for performing decoding
with respect to the whole row block, and generally has a
larger size and higher complexity than those of the block
parallel processor, but can perform quick decoding as com-
pared with the block parallel processor. In the decoding
based on row parallel processors, decoding can be per-
formed considering rows having the orthogonal structure as
one row, and thus very quick decoding becomes possible.
For example, the row parallel processors can perform decod-
ing of the 6”, 7%, and 8" row blocks having the orthogonal
structure as one row block. The row blocks having the
orthogonal structure may be considered as one row block
which is called an effective row block. The layered decoding
is featured so that a plurality of row blocks included in such
an effective row block are orthogonal to each other, but the
row blocks between the effective row blocks are not
orthogonal to each other. For example, the 12% and 13" row
blocks are included in different effective row blocks, and
thus are not orthogonal to each other.

When the LDPC decoder based on the block parallel
processors performs decoding using two or more processors,
a structure that is somewhat different from the above-
described orthogonal structure is suitable to increase the
decoding efficiency.

s qP)-
., qp)-balancing, and strongly
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In an embodiment of the disclosure, a partial windowing-
orthogonal structure is proposed. First, a windowing-or-
thogonal structure will be briefly described.

If there is a base matrix satisfying p windowing-orthogo-
nal structures, this means that if p row blocks are succes-
sively selected, they always satisfy the orthogonal structure.
In other words, when selecting the i-th, (i+1)-th, . . .,
(i+p-1)-th row blocks, the p row blocks are always orthogo-
nal to each other. The base matrix having the p windowing-
orthogonal structures as described above provides very high
decoding efficiency during the LDPC decoding based on not
only the block parallel processor but also the row parallel
processor. However, this is a very strong limit condition with
respect to the base matrix, and thus deterioration of the
encoding performance of the LDPC code may be easily
caused. Accordingly, in the LDPC encoding/decoding sys-
tem using the parity check matrix structure as shown in FIG.
3, an orthogonal structure for a plurality of row blocks is not
considered normally with respect to the partial matrix [A B]
part, but the orthogonal structure is considered only with
respect to the partial matrix of the base matrix corresponding
to the partial matrix [D E] or a part of the [D E] in the parity
check matrix of FIG. 3. It can be easily known that the
exponential matrix suitable to the layered decoding pre-
sented in FIG. 9 has the orthogonal structure only with
respect to the part corresponding to the partial matrix [D E]
of FIG. 3.

However, the orthogonal structure corresponding to the
partial matrix [D E] or the part thereof may also greatly
restrict the degree distribution of the LDPC code to dete-
riorate the LDPC encoding performance. In order to address
this issue, the orthogonal structure is not limited with respect
to specific predetermined row blocks. For example, referring
to the base matrix of FIG. 7, no orthogonality is considered
for the partial matrix [D E] with respect to two front column
blocks. This may somewhat lower the decoding efficiency,
but greatly improve the encoding performance. As described
above, the orthogonality is considered with respect to the
remaining part excluding specific row blocks (or rows) and
column blocks (or columns) in the whole parity check
matrix or its base matrix, and if the p row blocks are always
orthogonal to each other when the i-th, (i+1)-th, . . . ,
(i+p-1)-th row blocks are selected with respect to the
remaining part, it is called a parity check matrix or base
matrix satisfying the p partial windowing-orthogonal struc-
tures.

Referring to FIG. 7, as for the remaining part matrices
excluding 6 upper rows and two front columns in the base
matrix of FIG. 7, two adjacent rows always have orthogo-
nality. Accordingly, FIG. 7 means the basic matrix satistying
2 partial windowing-orthogonal structures.

In summary, if the remaining partial matrix excluding
specific rows and columns with respect to a given base
matrix satisfies the p windowing-orthogonal structures, it is
called that the base matrix satisfies the p partial windowing-
orthogonal structure.

In designing the base matrix satisfying the p partial
windowing-orthogonal structure, in many cases, as shown in
FIG. 7, the orthogonality is not considered with respect to
the structure corresponding to [A B] in FIG. 3, and the
partial window orthogonality is considered only with respect
to a case corresponding to [D E] and excluding specific
column blocks, but is not limited thereto.

As a result, the apparatus and the method for LDPC
encoding and decoding using the parity check matrix having
the base matrix satisfying the balancing characteristics and
the partial windowing-orthogonal structure proposed in an
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embodiment of the disclosure are featured to improve the
encoding performance and to maximize the decoding effi-
ciency based on the LDPC decoding using two or more
block parallel processors.

FIG. 10 is a block diagram illustrating a configuration of
transmitting/receiving device according to an embodiment
of the disclosure.

Referring to FIG. 7, K, bits may configure K,,,. LDPC
information word bits I=(io, i;, . . ., ig, _;) for an LDPC
encoder 1010 of a decoding device 1000. The LDPC
encoder 1010 may perform systematic LDPC encoding of
Ki4pe LDPC information word bits, and may generate an
LDPC codeword composed of N,,,. bits A=(c0, cl1, . . .,
Catape-1)Cos 11 -+ + s dxzgpe_1:Pos P> - -+ s Pavidpe—Kidpe-1)-

As described above in the mathematical expression 1, the
method for LDPC encoding includes determining a code-
word so that a multiplication of the LDPC codeword and the
parity check matrix becomes a zero vector.

Referring to FIG. 10, an encoding device includes the
LDPC encoder 1010, and the LDPC encoder 1010 may
generate an LDPC codeword by performing LDPC encoding
with respect to input bits based on the parity check matrix or
the corresponding exponential matrix or sequence. In this
case, the LDPC encoder 1010 may perform the LDPC
encoding using the parity check matrices differently defined
in accordance with the code rate (i.e., a code rate of the
LDPC code).

A normal QC LDPC code includes identifying a size of
input bits to be encoded, determining a block size Z suitable
to the corresponding input bits, and performing LDPC
encoding based on the LDPC matrix and the determined
block size. A decoding process includes a similar process
corresponding to that as described above.

On the other hand, the encoding device may further
include a memory (not illustrated) for storing therein infor-
mation on a coding rate of an LDPC code, codeword length,
and a parity check matrix, and the LDPC encoder 1010 may
perform the LDPC encoding using such information. The
information on the parity check matrix may be stored as
information on exponential values of a circulant matrix in
case of using a parity matrix proposed in an embodiment of
the disclosure.

The decoding device 1000 may include an LDPC decoder
1020. The LDPC decoder 1020 performs LDPC decoding
with respect to an LDPC codework based on the parity check
matrix or the corresponding exponential matrix or sequence.

For example, the LDPC decoder 1020 may generate
information word bits by performing the LDPC decoding
through passing of a log likelihood ratio (LLR) value
corresponding to the LDPC codeword bits through an itera-
tive decoding algorithm.

Here, the LLR value is a channel value corresponding to
the LDPC codeword bits, and may be expressed in various
ways.

For example, the LLR value may represent a value
obtained by taking logarithm of a ratio of probabilities that
the bit transmitted from a transmitting side through a chan-
nel is 0 and 1. Further, the LLR value may be a bit value
itself determined by hard decision, or may be a representa-
tive value determined in accordance with a section to which
the probability that the bit transmitted from the transmitting
side is O or 1.

In this case, the transmitting side may generate the LDPC
codeword using the LDPC encoder 1010.
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In this case, the LDPC decoder 1020 may perform LDPC
decoding using parity check matrices differently defined in
accordance with the coding rate (i.e., a coding rate of the
LDPC code).

FIG. 11A is a diagram illustrating a structure of a decod-
ing device according to an embodiment of the disclosure.

On the other hand, as described above, the LDPC decoder
1020 may perform the LDPC decoding using the iterative
decoding algorithm, and in this case, the LDPC decoder
1020 may be configured as the structure of FIG. 11A.
However, since the iterative decoding algorithm has already
been known, the configuration illustrated in FIG. 11Ais also.

Referring to FIG. 11A, a decoding device 1100 includes
an input processor 1101, a memory 1102, a variable node
operator 1104, a controller 1106, a check node operator
1108, and an output processor 1110.

The input processor 1101 stores input values therein.
Specifically, the input processor 1101 may store an LLR
value of a received signal received through a radio channel.

The controller 1104 determines the number of values
input to the variable node operator 1104, address values of
the memory 1102, the number of values input to the check
node operator 1108, and address values of the memory 1102
based on the block size (i.e., a codeword length) of the
received signal received through the radio channel and the
parity check matrix corresponding to the coding rate.

The memory 1102 stores input data and output data of the
variable node operator 1104 and the check node operator
1108.

The variable node operator 1104 receives an input of data
from the memory and perform variable node operation in
accordance with address information of the input data input
from the controller 1106 and information on the number of
pieces of input data. Thereafter, the variable node operator
1104 stores the variable node operation results in the
memory 1102 based on address information of the output
data input from the controller 1106 and information on the
number of pieces of output data. Further, the variable node
operator 1104 inputs the variable node operation results to
the output processor 1110 based on the data input from the
input processor 1101 and the memory 1102.

The check node operator 1108 receives an input of data
from the memory 1102 and performs check node operation
based on the address information of the input data input from
the controller 1106 and the information on the number of
pieces of input data. Thereafter, the check node operator
1108 stores the variable node operation results in the
memory 1102 based on address information of the output
data input from the controller 1106 and information on the
number of pieces of output data.

The output processor 1110 performs hard decision on
whether the information word bits of the codeword on the
transmitting side is 0 or 1 based on the data input from the
variable node operator 1104, and then outputs the hard-
decision result, so that the output value of the output
processor 1110 becomes a finally decoded value.

On the other hand, the decoding device 1100 may further
include a memory (not illustrated) for pre-storing informa-
tion on the coding rate of the LDPC code, codeword length,
and parity check matrix, and the LDPC decoder 1020 may
perform the LDPC decoding using such information. How-
ever, this is merely various, and the corresponding informa-
tion may be provided from the transmitting side.

On the other hand, parts of the configurations included in
the decoding device 1100 may be omitted, or a partial
configuration may be added thereto. Further, the configura-
tions of the input processor, memory, variable node operator,
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check node operator, and output processor included in the
decoding device 1100 may be controlled by the controller
1106.

FIG. 11B is a diagram illustrating a structure of an
encoding device according to an embodiment of the disclo-
sure.

The LDPC encoder 1010 may be configured to have a
structure as illustrated in FIG. 11B.

Referring to FIG. 11B, the encoding device may be
composed of a transceiver 1121, a controller 1122, and a
memory 1123. In an embodiment of the disclosure, the
controller may be defined as a circuit or application-specific
integrated circuit or at least one processor.

The transceiver 1121 may transmit and receive signals.
The controller 1122 may control the operation of the decod-
ing device according to an embodiment of the disclosure.
The memory 1122 may store at least one of information
transmitted/received through the transceiver 1121 and infor-
mation generated through the controller 1122.

FIG. 12 is a diagram illustrating a structure of a trans-
mission block according to an embodiment of the disclosure.

Referring to FIG. 12, <Null> bits may be added to match
an information length of an LDPC code.

From the foregoing, in the communication and broadcast-
ing system supporting the LDPC code having various
lengths, the method for applying various block sizes based
on a QC-LDPC code has been described.

FIGS. 13Ato 131 are diagrams of base matrices satisfying
balancing and partial windowing-orthogonal characteristics
proposed according to various embodiments of the disclo-
sure. In particular, the base matrix of FIG. 13A satisfies
strongly 2-balancing, and also satisfies 2 partial windowing-
orthogonal characteristics.

Referring to FIGS. 13A to 131, the base matrix of FIG.
13A has a size of 90x112, and in a partial matrix corre-
sponding to 5 upper rows and 27 front columns, there is no
column having the degree of 1. This means that even if any
exponential matrix is defined based on the partial matrix,
there is no column or column block having the degree of 1
in the parity check matrix corresponding to the exponential
matrix. Further, FIGS. 13B to 13I are enlarged diagrams
illustrating respective parts of the base matrix of FIG. 13A.
FIG. 13 A corresponds to a matrix in which matrices corre-
sponding to drawing reference numerals described on the
respective parts are combined. Accordingly, one parity
check matrix can be configured through combination of the
parts of FIGS. 13B to 131 (in the drawing, it is assumed that
the base matrix is divided into 2*4 partitions 135, 13c, . . .
, 130).

The base matrix illustrated in FIG. 13A is further featured
so that the 287 to 112” columns have the degree of 1. For
example, the base matrix having a size of 85x112 and
composed of 6” to 90? rows of the base matrix of FIG. 13A
corresponds to a single parity check code.

In the base matrix of FIG. 13A, 22 first columns corre-
spond to information bits for performing encoding. Accord-
ing to circumstances, the information bits are also called
code blocks.

As for the position of entry 1 in each row, excluding
columns having the degree of 1 from the base matrix of FIG.
13A, a condition on which a difference between the number
of'1 oddly positioned and the number of 1 evenly positioned
is equal to or smaller than 2 with respect to all rows is
satisfied. For example, if odd and even sets are defined with
respectto S1 and S2 as in the mathematical expression 7 and
entries 1 of each row is classified to match the sets, it can be
known that the strongly balancing characteristic defined in
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the mathematical expression 15 is satisfied. Further, it can be
known that the perfect balancing characteristic defined in the
mathematical expression 12 is satisfied with respect to a
partial matrix composed of 5 upper rows and 27 front
columns, which does not include columns having the degree
of 1 in the base matrix of FIG. 13A. As described above, the
base matrix may be designed through combination of dif-
ferent balancing characteristics with respect to respective
partial matrices of the base matrix.

A transmitter generates and transmits a codeword through
the parity check matrix having the base matrix having the
balancing and partial windowing-orthogonal characteristics
as shown in FIG. 13A. In this case, as needed, the codeword
may be transmitted by applying puncturing a part of infor-
mation bits. A receiver performs decoding based on a
received signal for the transmitted codeword. In case of
performing decoding using one block parallel processor,
decoding is performed in order with respect to one circulant
permutation matrix or circulant matrix. In case of perform-
ing decoding using two block parallel processor, decoding
may be simultaneously performed using two block parallel
processors with respect to the circulant permutation matrix
or circulant matrix correspond to the group.

FIG. 14A is a diagram of an exponential matrix having a
base matrix of FIG. 13A satisfying balancing and partial
windowing-orthogonal characteristics proposed according
to an embodiment of the disclosure. Accordingly, a parity
check matrix corresponding to the exponential matrix of
FIG. 14A also satisfies strongly 2-balancing with respect to
respective column blocks, and also satisfies 2 partial win-
dowing-orthogonal characteristics with respect to the
respective row blocks.

The exponential matrix of FIG. 14A has a size of 90x112,
and in a partial matrix corresponding to 5 upper rows and 27
front columns, there is no column having the degree of 1.
Further, in the exponential matrix of FIG. 14, empty blocks
corresponds to a zero matrix having a size of LxL.

Further, FIGS. 14B to 14l are enlarged diagrams illus-
trating respective parts of the exponential matrix of FIG.
14A according to various embodiments of the disclosure.
FIG. 14A corresponds to a matrix in which matrices corre-
sponding to drawing reference numerals described on the
respective parts are combined. Accordingly, one exponential
matrix can be configured through combination of the parts of
FIGS. 14B to 141. In FIG. 14A, it is assumed that the base
matrix is divided into 2*4 partitions 145, 14c, . . . , 14i.

The exponential matrix illustrated in FIG. 14A is further
featured so that the 28" to 112 columns have the degree of
1 in all. For example, the exponential matrix having a size
of 85x112 and composed of 6th to 90” rows of the expo-
nential matrix of FIG. 14 A corresponds to a large number of
single parity check codes.

Since each entry of the exponential matrix of FIG. 14A
corresponds to an index of the circulant permutation matrix,
the operation of the block parallel processors is performed in
accordance with the size L*L of the circulant permutation
matrix. If two block parallel processors are used, decoding
may be performed with respect to respective circulant per-
mutation matrices corresponding to the defined sets S1 and
S2.

The exponential matrix of FIG. 14A may be used for
LDPC encoding and decoding by changing values of entries
with respect to various L values.

For example, if it is assumed that the exponential matrix
of FIG. 14A is E=(e, ), and an exponential matrix converted
in accordance with an L value is E,;=(e; J(L)), the following
conversion formula may be generally applied.
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S0 i e ;<0 o Mathematical expression 17
~ fleij, L) e ;=0

S0 _ i e ;<0
~ fleij, L) e ;>0

In the mathematical expression 17, {f(x,1.) may be defined
in various forms, and for example, definitions as in math-
ematical expression 18 below may be used.

f(x, L) = mod(x, 22210y or Mathematical expression 18

fle b= [mJ or

o =[5

In the mathematical expression 18, mod(a,b) means a
modulo-b operation for a, and D means a constant that is a
predefined positive integer.

Depending on the system, the base matrix and the expo-
nential matrix shown in FIGS. 13A and 14A may be used as
they are, or only parts thereof may be used. For example,
matrices composed of 46 upper rows and 68 front columns
of the base matrix and the exponential matrix of FIGS. 13A
and 14A may be used for LDPC encoding and decoding in
the system as new base matrix and exponential matrix. In
this case, if information word bits corresponding to x
information word blocks are punctured, up to the coding rate
22/(68-x) can be supported without iterative transmission of
the codework bits.

Further, the LDPC encoding and decoding may be applied
using a new base matrix that can be obtained by connecting
the partial matrix composed of 6 upper rows of the base
matrix of FIG. 13A and another base matrix corresponding
to the single parity check code having a size of 40x68 with
each other. In the same manner, the LDPC encoding and
decoding may be applied using a new base matrix obtained
by connecting a different partial matrix composed of 6 upper
rows of the base matrix of FIG. 13A and the same 7% to 46”
rows of the base matrix of FIG. 13A with each other.

In general, the LDPC code may adjust the coding rate by
applying puncturing of the codeword bits in accordance with
the coding rate. In case of puncturing the parity bits corre-
sponding to the column having the degree of 1, the LDPC
code based on the base matrix or the exponential matrix as
shown in FIGS. 13 A and 14A can perform decoding without
using the corresponding part in the parity check matrix, and
thus decoding complexity can be reduced. However, in case
of considering the coding performance, the performance of
the LDPC code can be improved through adjustment of the
puncturing order of the parity bits (or transmission order of
the generated LDPC codewords).

For example, if information word bits corresponding to
two front columns of the exponential matrix corresponding
to FIGS. 13A and 14A are punctured, and the parity bits
having the degree of 1 are all punctured, the LDPC code-
word can be transmitted in case where the coding rate is
22/25. However, if information word bits corresponding to
two front columns of the base matrix and the exponential
matrix corresponding to FIGS. 13A and 14A are punctured,
and the parity bits corresponding to the 26” column having
the degree of 2 are punctured without puncturing the parities
corresponding to the 28” column having the degree of 1 of
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the exponential matrices, the LDPC codeword can be trans-
mitted with the coding rate of 22/25 in the same manner.
However, the latter has a better performance, and the per-
formance can be further improved by applying proper rate
matching after generating the LDPC codeword using the
base matrix and the exponential matrix corresponding to
FIGS. 13A and 14A. Based on the rate matching, the order
of columns in the exponential matrix may be properly
realigned to be applied to the LDPC encoding.

As a detailed embodiment of the disclosure, if the LDPC
encoding and decoding is applied based on the base matrix
and the exponential matrix corresponding to FIGS. 13A and
14A, the following transmission order may be defined. The
following patterns are derived based on a case where the
LDPC encoding and decoding is applied based on the partial
matrix composed of 46 upper rows and 68 front columns in
FIGS. 13A and 14A. Further, for convenience, it is consid-
ered that the first column is a zeroth column, and the last
column is the 67 column.

Pattern 1:

2,3,4,...,20,21, 22, 23-A, 26, 24, 27, 23-B, 25, 28,
29,...,67,0,1

Pattern 2:

2,3,4,...,20,21, 22, 23-A, 26, 27, 24, 23-B, 25, 28,
29,...,67,0,1

The pattern 1 and pattern 2 mean that transmission is
made in the order of codeword bits corresponding to the
column corresponding to the pattern order. In other words,
the pattern 1 and pattern 2 mean that puncturing is applied
to the codeword bits in reverse order. In case of the pattern
1, for example, in case of applying the puncturing to the
codeword for rate matching, the puncturing is applied for a
necessary length in order, starting from the codeword bits
having a size of Z corresponding to the first column (how-
ever, the order of 0 and 1 can be changed in the pattern 1 and
pattern 2).

In the pattern 1 and pattern 2, 23-A and 23-B mean that
the codeword bits corresponding to the 23’ column block
has been divided into two groups. For example, 23-A may
mean the first [Z/2] bit of the codeword bits corresponding
to the 23 column group, and 23-B may mean the last
Z-[7/2] bit of the codeword bits corresponding to the 237/
column group. The division of the bits for 23-A and 23-B is
merely various, and they can be divided using various
methods (e.g., 23-A is the [Z/2] bit, and 23-B is the Z-[7/2]
bit).

As for the transmission order, it is not necessary to
perform transmission in the order of codeword bit units
corresponding to the column blocks, and for performance
improvement, the transmission order may differ through
division of the codeword bits corresponding to the column
blocks into two or more groups. In other words, in order to
obtain more superior encoding performance, the transmis-
sion order of the codeword bits corresponding to at least one
column block may be differently configured.

For reference, transmission in the unit of codeword bits
corresponding to the column blocks may mean that code-
word bits corresponding to another column block are not
transmitted while codeword bits for one column block are
successively transmitted.

Such a rate matching method may be applied using the
above-described patterns, and a method by the system for
performing puncturing from a predetermined position may
be applied after performing proper interleaving with respect
to the codeword bits. For example, in an LTE system, a
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redundancy version (RV) technique may be used. An
example of the RV technique will be briefly described as
follows.

First, pattern 1 and pattern 2 are respectively changed to
pattern 3 and pattern 4.

Pattern 3:

0,1,2,3,4,...,20, 21,22, 23-A, 26, 24, 27, 23-B, 25,
28,29,...,67

Pattern 4:

0,1,2,3,4,...,20, 21,22, 23-A, 26, 27, 24, 23-B, 25,
28,29,...,67

If the value of RV-0 indicating a transmission start posi-
tion is configured to 2 with respect to the codeword, it is
possible to configure the puncturing to be taken from the
codeword bits for the zeroth and first column blocks in
accordance with the coding rate. Here, various initial trans-
mission orders can be determined in accordance with the
RV-0 value, and by properly configuring an RV-I value, it
can be applied to an application technology of the LDPC
encoding and decoding, such as HARQ. For example, when
transmitting additional parity bits after transmitting all code-
word bits for the 277 to 67” column blocks, the additional
codeword bits may be iteratively transmitted, circularly
starting from the zeroth and first column blocks, or the
additional codeword bits may be transmitted in various
methods in accordance with RV-I values.

Further, the pattern or interleaving method may be dif-
ferently applied in accordance with the modulation order to
improve the performance. For example, if the coding rate is
lower than a specific coding rate R_th, a rate matching
method corresponding to the first pattern is applied, and if
the coding rate becomes higher than R_th, the second pattern
that is different from the first pattern may be used (if the
coding rate is equal to R_th, the pattern can be selected in
accordance with a predetermined method).

The base matrix and the exponential matrix as shown in
FIGS. 13 A and 14A may be expressed in various forms, and
as an example, they can be expressed using sequences as
expressed in mathematical expressions 19 and 20 below (for
convenience, they are derived based on a case where the
LDPC encoding and decoding is applied based on a partial
matrix composed of 46 upper rows and 68 front columns in
FIGS. 13A and 14A).

Mathematical expression 19

2345679121519202223
46 10 11 13 16 17 18 19 20 21 23 24
4781011121314 1516 1921 222425
35689101213 141517 18 2021 25 26
235789111416 17 18 22 26
22 27
411212228
13 14 16 18 19 29
23591030
41112152231
816 2021 32

7

2

69112234
14 16 21 35
23192436
591137
7
1
5
8
7
1

0
0
0
1
0
0
0
1
0
0
0
0
0
1
0
0
0
1
0
0 92141
0

1

1
1
2
1
1
1
7
1
1
1
1
4
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1
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1
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1
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049111345
171014 46
012 19 22 47
01162048
06 11 17 49
027950
0114192451
01101352
1425353
051617 54
0172355
0181856
0111192657
0191558
05162359
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0162561
03141962
011 24 63
01202164
09162665
11013 66
05867

Mathematical expression 20
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175104 23320

28 19 113 218 0

75124 134 0

6972531250

18 61 92 1450

183 218 231 0

9591960

The mathematical expression 19 indicates a position of
entry 1 for each row in a partial matrix having a size of
46x68 in the base matrix of FIG. 13A. For example, in the
mathematical expression 19, the third value 5 of the third
sequence means that entry 1 exists in the third row and the
fifth column of the base matrix (in the above-described
example, it is considered that the start order of the sequence
and entry starts from 0).

The mathematical expression 20 indicates respective
entry values for each row in a partial matrix having a size of
46x68 in the base matrix of FIG. 14A. For example, in the
mathematical expression 20, the third value 171 of the third
sequence means that the third entry value in the third row in
the exponential matrix is 171, and based on FIG. 13A and
mathematical expression 19, the third value means that an
index of the circulant permutation matrix corresponding to
the third row block and the fifth column block in the parity
check matrix is 171.

If parts of the base matrix and the exponential matrix have
a specific rule, the base matrix and the exponential matrix
can be expressed more simply. For example, if the 277 to
last column blocks have a diagonal structure, such as the
base matrix and the exponential matrix of FIGS. 13A and
14A, it is assumed that entry positions and index values are
omitted, but the corresponding rule is known.

As an example, mathematical expression 21 below shows
an example in which the positions of entries 1 are omitted in
the 27 1o last column blocks.

Mathematical expression 21

2345679121519202223
461011131617 181920 21 23 24
781011121314 15161921 22 24 25
568910121314 1517 18 20 21 25 26
3578911141617 18 22 26
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As described above, the base matrix and the exponential
matrix of FIGS. 13A and 14A can be expressed in various
methods.

Another embodiment of a base matrix satistying balanc-
ing and partial windowing-orthogonal characteristics pro-
posed in an embodiment of the disclosure is shown in FIGS.
15A to 15C.

FIGS. 15A to 15C are diagrams illustrating a base matrix
having a size of 20x47.

Referring to 15A to 15C, in the base matrix of FIGS. 15A
to 15C, empty blocks generally mean 0, and indicate parts
corresponding to a zero matrix having a size of ZxZ in a
parity check matrix according to various embodiments of the
disclosure.

Further, FIGS. 15B to 15C are enlarged diagrams illus-
trating respective parts of the base matrix of FIG. 15A. FIG.
15A corresponds to a matrix in which matrices correspond-
ing to drawing reference numerals described on the respec-
tive parts are combined. Accordingly, one base matrix can be
configured through combination of the parts of FIGS. 15B
and 15C.

It can be easily identified that the base matrix of FIG. 15A
has strongly 2-balancing characteristics and 2 partial win-
dowing-orthogonal structure. Further, the 287 to 47 col-
umns have the degree of 1 in all. In other words, all columns
corresponding to the 28" to 47% columns of FIG. 15 have
the degree of 1 in the parity check matrix that can be
generated by applying lifting from the base matrix of FIG.
15A.

Another embodiment of a base matrix for LDPC encoding
and decoding supporting various coding rates and code
lengths based on the base matrix satisfying balancing and
partial windowing-orthogonal characteristics proposed in an
embodiment of the disclosure is shown in FIGS. 16 A to 16E.
FIGS. 16A to 16E are diagrams illustrating a base matrix
having a size of 25x47. In the base matrix of FIGS. 16A to
16E, empty blocks generally mean 0, and indicate parts
corresponding to a zero matrix having a size of ZxZ in a
parity check matrix.

FIGS. 16A to 16E are diagrams of other elementary
matrices according to various embodiments of the disclo-
sure.

Referring to 16A to 16E, FIGS. 16B to 16E are enlarged
diagrams illustrating respective parts of the base matrix of
FIG. 16A. FIG. 16A corresponds to a matrix in which
matrices corresponding to drawing reference numerals
described on the respective parts are combined. Accordingly,
one base matrix can be configured through combination of
the parts of FIGS. 16B to 16E. For reference, FIG. 15B is
equal to FIG. 16D, and FIG. 15C is equal to FIG. 16E.
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The base matrix illustrated in FIG. 16A can be expressed
in various forms, and as an example, it may be expressed
using a sequence as in mathematical expression 22 below.
The mathematical expression 22 indicates a position of entry
1 for each row in the base matrix of FIG. 16A. For example,
in the mathematical expression 22, the second value 4 of the
second sequence means that entry 1 exists in the second row
and the fourth column of the base matrix (in the above-
described example, it is considered that the start order of
entries in the sequence and the matrix starts from 0).

Mathematical expression 22

2356910111213 151618192021 2223
345789111214 151617 19 21 22 23 24
24567891013 141517 18192024 25

3467810111213 141617 182021 22 25
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2151617 21 36

10 13 18 25 37

11 20 22 38

16 17 21 39

1318 19 40

81041

11 22 42

6 20 21 43

= O ~]

12101845

034112246

If a specific rule can be found with respect to parts of the
base matrix, the base matrix can be expressed more simply.
For example, if the 27 to last columns have a diagonal
structure, such as the base matrix of FIG. 16A, it is assumed
that a transceiver knows the corresponding rule, and the
entry positions or entry values can be omitted. As an
example, mathematical expression 23 below shows an
example in which the positions of entries 1 are omitted in the
27” to last column blocks in the mathematical expression
22.

Mathematical expression 23
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5162021
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Mathematical expression 24 indicates a position of entry
1 for each column in the base matrix of FIG. 16A. For
example, in the mathematical expression 24, the third value
5 of the third sequence means that entry 1 exists in the third
row and the fifth column of the base matrix (in the above-
described example, it is considered that the start order of
entries in the sequence and the matrix starts from 0).

1
0
0
1

Mathematical expression 24

0123456789111213141517 19202224
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If a specific rule can be found with respect to parts of the
base matrix, the base matrix can be expressed more simply.
For example, if the 27 to last columns have a diagonal
structure, such as the base matrix of FIG. 16A, it is assumed
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that a transceiver knows the corresponding rule, and the
entry positions or entry values can be omitted. As an
example, mathematical expression 25 below shows an
example in which the positions of entries 1 are omitted in the
27% to last column blocks in the mathematical expression
24.

Mathematical expression 25
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As described above, the base matrix and the exponential
matrix can be expressed in various methods. If permutation
of columns or rows is applied with respect to the base
matrix, it is possible to equally express the base matrix and
the exponential matrix by properly changing positions of
sequences or numerals in the sequences in the mathematical
expressions 19 to 25.

In the base matrix of FIG. 16A, the partial matrix com-
posed of the parts in FIGS. 16B and 16C may not satisfy the
balancing characteristics or partial windowing-orthogonal
characteristics proposed in an embodiment of the disclosure.
However, by connecting the partial matrix composed of the
parts in FIGS. 16B and 16C and the partial matrix composed
of the parts in FIGS. 16D and 16E with each other, it
becomes possible to support an apparatus and a method for
LDPC encoding and decoding supporting various coding
rates and code lengths with more superior performance.

For reference, by properly shortening and puncturing
parts of information word bits with respect to an LDPC code
that can be generated based on the base matrix of FIG. 16A,
it becomes possible to support the LDPC encoding and
decoding with various coding rates and various lengths. For
example, if it is assumed that information word bits corre-
sponding to two initial columns of the base matrix of FIG.
16A are always punctured and only bits excluding parity bits
corresponding to FIG. 16B are punctured, it is apparent that
various coding rates from the coding rate 22/25 to 22/45 can
be supported from the base matrix of FIG. 16A.

The LDPC code can adjust the coding rate by applying
puncturing of the codeword bits in accordance with the
coding rate. In case of puncturing the parity bits correspond-
ing to the column having the degree of 1, the LDPC code
based on the base matrix or the exponential matrix proposed
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in an embodiment of the disclosure can perform decoding
without using the corresponding part in the parity check
matrix, and thus decoding complexity can be reduced.
However, in case of considering the coding performance, the
performance of the LDPC code can be improved through
adjustment of the puncturing order of the parity bits or the
transmission order of the generated LDPC codewords.

In general, the performance can be further improved by
applying proper rate matching after generating the LDPC
codeword using the base matrix or the exponential matrix
proposed in an embodiment of the disclosure. Based on the
rate matching, the order of columns in the base matrix or the
exponential matrix may be properly realigned to be applied
to the LDPC encoding and decoding.

The LDPC encoding process may include determining a
size of input bits (or code blocks) for applying the LDPC
encoding, determining a block size Z for applying the LDPC
encoding in accordance with the size, determining a proper
LDPC exponential matrix or a sequence in accordance with
the block size, and performing LDPC encoding based on the
block size Z, the determined exponential matrix or LDPC
sequence. In this case, the LDPC exponential matrix or
sequence may be applied to the LDPC encoding without any
conversion, and according to circumstances, the LDPC
encoding may be performed by properly converting the
LDPC exponential matrix or sequence in accordance with
the block size Z.

In the same manner, the LDPC decoding process may
include determining a size of input bits (or code blocks) for
the transmitted LDPC codeword, determining a block size Z
for applying the LDPC decoding in accordance with the size,
determining a proper LDPC exponential matrix or a
sequence in accordance with the block size, and performing
LDPC decoding based on the block size Z, the determined
exponential matrix or LDPC sequence. In this case, the
LDPC exponential matrix or sequence may be applied to the
LDPC decoding without any conversion, and according to
circumstances, the LDPC decoding may be performed by
properly converting the LDPC exponential matrix or
sequence in accordance with the block size Z.

Here, the base matrix for the LDPC exponential matrix or
sequence may be featured to be the base matrix of FIG. 15A,
16A, or 17A to be described hereinafter.

Another embodiment of a base matrix for LDPC encoding
and decoding supporting various coding rates and code
lengths based on the base matrix satisfying balancing and
partial windowing-orthogonal characteristics proposed in an
embodiment of the disclosure is shown in FIGS. 17A to 17].

FIGS. 17A to 17] are diagrams of other elementary
matrices according to various embodiments of the disclo-
sure.

Referring to FIGS. 17A to 17], FIG. 17A is a diagram
illustrating a base matrix having a size of 46x68. In the base
matrix of FIGS. 17A to 17J, empty blocks generally mean 0,
and indicate parts corresponding to a zero matrix having a
size of ZxZ in a parity check matrix.

Further, FIGS. 17B to 17] are enlarged diagrams illus-
trating respective parts of the base matrix of FIG. 17A. FIG.
17A corresponds to a matrix in which matrices correspond-
ing to drawing reference numerals described on the respec-
tive parts are combined. Accordingly, one base matrix can be
configured through combination of the parts of FIGS. 17B to
17]. For reference, FIGS. 16B and 17B are equal to each
other, FIGS. 16C and 17D are equal to each other, FIGS.
15B, 16D, and 17D are equal to each other, and FIGS. 15C,
16E, and 17E are equal to each other.
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In general, if parts in FIGS. 17F, 17G, and 171 are
configured as zero matrices and parts in FIG. 17] are
configured as identity matrices or matrices having a diagonal
structure, the whole base matrix structure has an extended
form without being greatly different from that of FIGS. 16A
to 16E, and thus code connection is facilitated.

Further, if each row of FIG. 17H has the orthogonal
characteristics, it is easy to implement a decoder supporting
high decoding throughput.

As a result, the base matrix of FIGS. 17A to 17] can
support more various coding rates as compared with the base
matrix of FIG. 16A using the base matrix of FIG. 17H in
which each row has the orthogonal characteristics while
maintaining the extended form against the base matrix of
FIGS. 16A to 16E.

Although FIGS. 16A and 17A illustrate only a case where
the base matrix of FIG. 15A is used as it is, it is general to
realign the order of columns of the base matrix of FIG. 15A,
to realign the order of rows, or to realign the order of
columns and rows. Further, by connecting the realigned base
matrix to that of FIGS. 16B and 16C, a new base matrix in
the form as shown in FIG. 16A may be used for the LDPC
encoding and decoding method and apparatus. For example,
by applying the realigned base matrix to that of FIGS. 16D
and 16E, a new base matrix in the similar form to that of
FIG. 16A can be generated.

In the same manner, by connecting the realigned base
matrix to that of FIGS. 17B and 17C, a new base matrix in
the form as shown in FIG. 17A may be used for the LDPC
encoding and decoding method and apparatus. For example,
by applying the realigned base matrix to that of FIGS. 17D
and 17E, a new base matrix in the similar form to that of
FIG. 17A can be generated.

Although FIG. 17A illustrates only a case where the base
matrix of FIG. 16A is used as it is, it is general to realign the
order of columns of the base matrix of FIG. 16A, to realign
the order of rows, or to realign the order of columns and
rows. Further, by applying the realigned base matrix to that
of FIGS. 17B, 17C, 17D, and 17E, a new base matrix in a
form similar to that of FIG. 17A may be applied to the LDPC
encoding and decoding method and apparatus. As described
above, by applying the base matrix of FIG. 16A to that of
FIG. 17A, an example of a base matrix is presented through
the LDPC sequence expressed in the mathematical expres-
sion 26.

The mathematical expression 26 indicates a position of
entry 1 for each row in the base matrix, and as shown in FIG.
17A, it may be expressed in the form of the LDPC base
matrix. As the base matrix corresponding to mathematical
expression 26, parts in FIGS. 17F, 17G, and 171 are con-
figured as zero matrices, and parts in FIG. 17] are configured
as identity matrices. FIG. 17H shows an example of a base
matrix in which each row has the orthogonal characteristics.
Further, the base matrix expressed in the mathematical
expression 26 can be expressed in various forms through a
method similar to that expressed in the mathematical expres-
sions 23 to 25.

Mathematical expression 26

0123569101112131516181920212223
023457891112141516 1719 21 22 23 24
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In general, in case of supporting a variable information
word length or variable code rate using shortening or zero
padding of the LDPC code, the performance of the LDPC
code can be improved in accordance with the shortening
order. If the shortening order is predetermined, the encoding
performance can be improved by properly realigning the
order of a part or the whole of the given base matrix.

An example of the realigned base matrix as described
above is illustrated in FIGS. 18A to 18E. In the base matrix
of FIGS. 18A to 18E, empty blocks generally mean 0, and
indicate parts corresponding to a zero matrix having a size
of ZxZ in a parity check matrix.

FIGS. 18A, 18B, 18C, 18D, and 18E are diagrams of
other elementary matrices according to various embodi-
ments of the disclosure.

Referring to FIG. 18A, it can be easily known that the
base matrix of FIG. 18A has a structure in which the order
of the 7% column and the 21 column of FIG. 15A (if it is
considered that the initial column is zeroth column, 67
column and 20” column) is changed and realigned and then
connected to the parts of FIGS. 16B and 16C.

The base matrix of FIG. 18A is merely an example of a
base matrix that can be obtained by realigning the columns
of FIG. 15A, and a new base matrix may be defined in
accordance with the performance improvement effect or
various purposes. Further, by substituting FIG. 18B for FIG.
17B, FIG. 18C for FIG. 17C, FIG. 18D for FIG. 17D, and
FIG. 18E for FIG. 17E, respectively, a new base matrix
having a similar form to that of FIG. 17A can be generated.
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The base matrix illustrated in FIG. 18A can be expressed
in various forms, and as an example, they can be expressed
using sequences as expressed in mathematical expression
27. The mathematical expression 27 indicates a position of
entry 1 for each row in the base matrix of FIG. 18A.

Mathematical expression 27
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611 22 38

416172139

213181940

781041

9112242

3
2
3
1
47
31
61
47
12

10

6

616 21 43
21317 44

12101845

034112246

If a specific rule can be found with respect to parts of the
base matrix, the base matrix can be expressed more simply.
For example, if the 27th to last columns have a diagonal
structure, such as the base matrix of FIG. 18A, it is assumed
that a transceiver knows the corresponding rule, and the
entry positions or entry values can be omitted. As an
example, mathematical expression 28 below shows an
example in which the positions of entries 1 are omitted in the
27th to last column blocks in the mathematical expression
27.

01
02
01
01
01
01
06
01
01
01
12
01
01
03
01
01
13
01
11
01
03
15
01

Mathematical expression 28

2356910111213 151618192021 2223
345789111214 151617 19 21 22 23 24
24567891013 141517 18192024 25

3467810111213 141617 182021 22 25

12 16 21 22
01113171820
8 14
216192122 24
011131718

8 14

16 21 22 23

3
1
47
31
61
47
12
10 11 13 18
6

2151617 21
0131825

01
02
01
01
01
01
06
01
01
01
12
01
01
03
01
011
1361122
01
11
01
03
15
01

21317
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121018

0341122

As described above, the base matrix and the exponential
matrix can be expressed in various methods. If permutation
of columns or rows of a partial matrix is applied to the base
matrix or a part of the base matrix, a new base matrix can
be defined by properly changing the sequence or positions of
numerals in the sequence expressed in the mathematical
expressions 19 to 28.

As another embodiment of the disclosure, a method for
applying a plurality of exponential matrices or LDPC
sequences based on the base matrix of FIG. 18A is proposed.
In other words, the base matrix is as illustrated in FIG. 18A,
an exponential matrix or a sequence of the LDPC code is
obtained on the base matrix, and a variable length LDPC
encoding and decoding is performed by applying lifting to
match the block size included in each block size group from
the exponential matrix or sequence. In other words, base
matrices of a parity check matrix corresponding to the
exponential matrix or sequence of a plurality of different
LDPC codes are equal to each other. According to this
method, entries or numerals constituting the exponential
matrix of the LDPC code or LDPC sequence may have
different values, but positions of the corresponding entries or
numerals accurately coincide with each other. As described
above, the exponential matrices or sequences of the LDPC
code mean indexes of circulant permutation matrices, that is,
a kind of circulant permutation values for the bits, and by
configuring the positions of the entries or numerals to be
equal to each other, the positions of the bits corresponding
to the corresponding circulant permutation matrix can be
easily grasped.

First, the block size Z to be supported is divided into a
plurality of block size groups (or sets) as expressed in
mathematical expression 20 below. It is to be noted that the
block size Z is a value corresponding to the size ZxZ of the
circulant permutation matrix or circulant matrix in the parity
check matrix of the LDPC code.

Z1={3,6,12,24,48,96,192,384}
22={11,22,44,88,176 352}
23={5,10,20,40,80,160,320}
24={9,18,36,72,144,288}
75={2,4,8,16,32,64,128,256}
26={15,30,60,120,240}
27={7,14,28,56,112,224}

78={13,26,52,104,208} Mathematical expression 29

The mathematical expression 29 is merely various, and all
block size Z values included in the block size group of the
mathematical expression 29 may be used, or block size
values included in a proper partial matrix as expressed in
mathematical expression 30 below. Further, proper values
may be added to the block size group (set) expressed in the
mathematical expression 29 or 30 to be used.

Z1'={12,24,48 96,192,384}
22={11,22,44,88,176,352}
23={10,20,40,80,160,320}

24={9,18,36,72,144,288}
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75'={8,16,32,64,128,256}
26'={15,30,60,120,240}
Z7'={14,28,56,112,224}

78'={13,26,52,104,208} Mathematical expression 30

The block size groups expressed in the mathematical
expression 29 or 30 are featured so that they have different
particle sizes and the ratios of neighbor block sizes are all
equal integers. In other words, the sizes of the blocks
included in one group are in a divisor or multiple relation-
ship with each other. If it is assumed that the exponential
matrices corresponding to the p-th p (p=1, 2, . . ., 8) group
are E=(e, J(P)), and the exponential matrices corresponding
to Z values included in the p-th group is Ex(Z)=(e, (7)), a
sequence conversion method expressed in the mathematical
expression 17 is applied using fp(x,Z)=x(modZ). For
example, if the block size Z is determined as Z=28, respec-
tive entries e, (28) of the exponential matrix E,;(28)=(e,
(28)) for Z=28 can be obtained as in mathematical expres-
sion 31 below with respect to the exponential matrix E.=
(e, J(7)) corresponding to the 7% block size group in which
z=28 is included.

7
efl)

€;;(28) =
! { egj)(mod 28)

or

8571) <0 Mathematical expression 31

7
&)

>0

o) oM <0

iJ iJ
€;;(28) =
! { egj)(mod 28) ef7j) =0

The conversion as expressed in the mathematical expres-
sion 31 may be simply expressed as in mathematical expres-
sion 32 below.

E(Z)=E,(mod Z), ZEZ,

The base matrix of the LDPC code and the exponential
matrix (or LDPC sequence) designed based on the math-
ematical expressions 29 to 32 are shown in FIGS. 19 to 26.
For reference, although explanation has been made on the
assumption that lifting or conversion of the exponential
matrix expressed in the mathematical expression 17, 31, or
32 is applied to the whole exponential matrix corresponding
to the parity check matrix, it can be applied to a part of the
exponential matrix. For example, it is general that the partial
matrix corresponding to the parity bits of the parity check
matrix has a special structure for efficient encoding. In this
case, the encoding method or complexity may be changed
due to the lifting. Accordingly, in order to maintain the same
encoding method or complexity, with respect to a part of the
exponential matrix for the partial matrix corresponding to
the parity in the parity check matrix, the lifting may not be
applied, or a different lifting from the lifting method applied
to the exponential matrix for the partial matrix correspond-
ing to information word bits may be applied. In other words,
the lifting method applied to the sequence corresponding to
the information word bits in the exponential matrix and the
lifting method applied to the sequence corresponding to the
parity bits may be differently configured, and according to
circumstances, the lifting is not applied to a part or the whole
of the sequence corresponding to the parity bit, and thus a
fixed value may be used without sequence conversion.

Mathematical expression 32
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Embodiments of exponential matrices corresponding to
the parity check matrix of the QC LDPC code designed
based on the mathematical expressions 29 to 32 are succes-
sively illustrated in FIGS. 19A and 20A (it is to be noted that
in the exponential matrix of FIGS. 19A and 20A, empty
blocks are parts corresponding to zero matrices having the
size of ZxZ. According to circumstances, in the exponential
matrix of FIGS. 19A and 20A, empty blocks can be
expressed as specified values, such as —1 and the like). The
exponential matrices of the LDPC code illustrated in FIGS.
19A and 20A are featured to have the same base matrix as
that of FIG. 18A.

FIGS. 19A and 20A illustrate LDPC exponential matrices
having a size of 25x47, and respectively correspond to first
and second block size groups expressed in the mathematical
expressions 29 and 30. Further, in a partial matrix composed
of 4 upper rows and 26 front columns in each exponential
matrix, there is no column having the degree of 1. In other
words, in the parity check matrix that can be generated by
applying the lifting from the partial matrix, there is no
column or column block having the degree of 1.

FIGS. 19A to 19E are diagrams of other exponential
matrices according to various embodiments of the disclo-
sure.

Referring to FIGS. 19A to 19E, FIGS. 19B to 19E are
enlarged diagrams illustrating respective parts of the expo-
nential matrix of FIG. 19A. FIG. 19A corresponds to a
matrix in the drawing corresponding to drawing reference
numerals described on the respective parts. Accordingly, one
base matrix can be configured through combination of the
parts of FIGS. 19B to 19E.

FIGS. 20A to 20E are diagrams of other exponential
matrices according to various embodiments of the disclo-
sure.

Referring to FIGS. 20A to 20E, FIG. 20A is an enlarged
diagram illustrating respective parts after dividing the
respective exponential matrices.

The exponential matrix illustrated in FIGS. 19A and 20A
is further featured so that the 28” to 47% columns have the
degree of 1 in all. For example, the base matrix or the
exponential matrix having a size of 21x47 and composed of
5% to 25" rows of the exponential matrices corresponds to a
large number of single parity check codes.

The exponential matrices illustrated in FIGS. 19A and
20A correspond to the LDPC code designed based on the
block size group defined in the mathematical expression 29
or 30. However, in accordance with the system require-
ments, it is not necessary to support all block sizes included
in the block size group, and according to circumstances,
other values may be added in addition to the block size
illustrated in FIGS. 19 and 20. For example, the exponential
matrices illustrated in FIGS. 19 and 20 can support not only
the block size corresponding to the block size group (set)
defined in the mathematical expression 29 or 30 but also the
block size corresponding to the subset of the respective
groups (sets), and according to circumstances, other values
can be supported.

Further, depending on the system, the exponential matri-
ces illustrated in FIGS. 10A and 20A may be used as they
are, or only a part thereof may be used. For example, the
partial matrix having a size of 5x27 composed of 5 upper
rows and 27 front columns of the respective exponential
matrices of FIGS. 19A and 20A is excluded, and the LDPC
exponential matrix having a size of 5x27 that is different
from the partial matrix and the partial matrix having a size
of 20x47 composed of the 6” to last rows of the respective
exponential matrices of FIGS. 19A and 20A are connected
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with each other to be used in the LDPC encoding and
decoding apparatus and method based on a new base matrix.

Since the LDPC exponential matrices of FIGS. 19A and
20A have the same base matrix of FIG. 18A, they may be
applied to and used in a new base matrix in a similar form
to that of FIG. 17A that can be obtained by substituting FI1G.
18B for FIG. 17B, FIG. 18C for FIG. 17C, FIG. 18D for
FIG. 17D, and FIG. 18E for FIG. 17E, respectively. For
example, by making the exponential matrices of FIGS. 19A
and 20A correspond to the partial matrices corresponding to
FIGS. 17B, 17C, 17D, and 17E and making proper expo-
nential matrices correspond to FIGS. 17F, 17G, 17H, 171,
and 17], new LDPC index matrices are defined to be used in
the LDPC encoding and decoding apparatus and method. In
this case, all LDPC index matrices have the base matrix of
FIG. 17A, and the partial matrices corresponding to FIGS.
17B, 17C, 17D, and 17E in the base matrix become equal to
those of FIG. 18A.

In general, the LDPC encoding and decoding may be
performed by applying the partial matrix configured by
properly selecting rows and columns from the base matrices
of FIGS. 15A, 16A, 17A, and 18A as new base matrices. In
the same manner, the partial matrices configured by properly
selecting rows and columns from the exponential matrices of
FIGS. 19A and 20A may be applied as base matrices to the
LDPC encoding and decoding apparatus and method.

FIGS. 21A to 21J are diagrams of other elementary
matrices according to various embodiments of the disclo-
sure.

Referring to FIGS. 21 Ato 21J, another embodiment of the
base matrix and the exponential matrix (or LDPC sequence)
of the LDPC code designed based on the mathematical
expressions 29 to 32 is illustrated in FIGS. 21A, 22A, and
23A. This embodiment proposes a method for applying a
plurality of exponential matrices or LDPC sequences based
on the base matrix of FIG. 21A is proposed. In other words,
the base matrix is as illustrated in FIG. 21A, an exponential
matrix or a sequence of the LDPC code is obtained on the
base matrix, and a variable length LDPC encoding and
decoding is performed by applying lifting to match the block
size included in each block size group from the exponential
matrix or sequence. In other words, base matrices of the
parity check matrix corresponding to the exponential matrix
or sequence of a plurality of different LDPC codes are equal
to each other. According to this method, entries or numerals
constituting the exponential matrix of the LDPC code or
LDPC sequence may have different values, but positions of
the corresponding entries or numerals accurately coincide
with each other. As described above, the exponential matri-
ces or sequences of the LDPC code mean indexes of
circulant permutation matrices, that is, a kind of circulant
permutation values for the bits, and by configuring the
positions of the entries or numerals to be equal to each other,
the positions of the bits corresponding to the corresponding
circulant permutation matrix can be easily grasped.

FIGS. 22A to 22] are diagrams of other exponential
matrices according to various embodiments of the disclo-
sure.

Referring to FIGS. 22A to 22J, embodiments of exponen-
tial matrices corresponding to the parity check matrix of the
QC LDPC code designed based on the mathematical expres-
sions 29 to 32 are successively illustrated in FIGS. 22A and
23A (it is to be noted that in the exponential matrix of FIGS.
22A and 23 A, empty blocks are parts corresponding to zero
matrices having the size of ZxZ. According to circum-
stances, in the exponential matrix of FIGS. 22A and 23A,
empty blocks can be expressed as specified values, such as
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-1 and the like). The exponential matrices of the LDPC code
illustrated in FIGS. 22A and 23A are featured to have the
same base matrix as that of FIG. 21A.

FIGS. 22A and 23A illustrate LDPC exponential matrices
having a size of 46x68, and respectively correspond to fifth
and sixth block size groups expressed in the mathematical
expressions 29 and 30. Further, FIGS. 22B to 22J are
enlarged diagrams illustrating respective parts of the expo-
nential matrix of FIG. 22A. FIG. 22A corresponds to a
matrix in the drawing corresponding to drawing reference
numerals described on the respective parts. Accordingly, one
base matrix can be configured through combination of the
parts in FIGS. 22B to 22].

FIGS. 23A to 23] are diagrams of other exponential
matrices according to various embodiments of the disclo-
sure.

Referring to FIGS. 23A to 23], FIG. 23A is an enlarged
diagram illustrating respective parts after dividing the
respective exponential matrices. For reference, FIG. 23E is
equal to FIG. 22E, FIG. 23H is equal to FIG. 22H, and FIG.
23F is equal to FIG. 22F. Further, FIG. 231 is equal to FIG.
221, FIG. 23G is equal to FIG. 22, and FIG. 23] is equal to
FIG. 221.

The exponential matrices illustrated in FIGS. 22A and
23A correspond to the LDPC code designed based on the
block size groups defined in the mathematical expression 29
or 30. However, in accordance with the system require-
ments, it is not necessary to support all block sizes included
in the block size group, and according to circumstances,
other values may be added in addition to the block size
expressed in the mathematical expression 29 or 30.

For example, the exponential matrices illustrated in FIGS.
22A and 23A can support not only the block size corre-
sponding to the block size group (set) defined in the math-
ematical expression 29 or 30 but also the block size corre-
sponding to the subset of the respective groups (sets), and
according to circumstances, other values can be supported.

Further, depending on the system, the exponential matri-
ces illustrated in FIGS. 22A and 23A may be used as they
are, or only a part thereof may be used. For example, by
making the base matrix of FIGS. 22A and 23A or the
remaining partial matrix excluding 21 lower rows and 21
rear columns correspond to FIGS. 17B, 17C, 17D, and 17E
and making another matrix or LDPC sequence correspond to
FIGS. 17F, 17G, 17H, 171, and 17], the LDPC encoding and
decoding apparatus and method may be used through the
base matrix in a similar form to that of FIG. 17 or the
exponential matrix.

In general, the LDPC encoding and decoding may be
performed by applying the partial matrix configured by
properly selecting rows and columns from the base matrix of
FIG. 21A as a new base matrix or exponential matrix. In the
same manner, the partial matrices configured by properly
selecting row blocks and column blocks from the exponen-
tial matrices of FIGS. 22A and 23A may be applied as new
exponential matrix to the LDPC encoding and decoding
apparatus and method.

For reference, the base matrix for the LDPC encoding and
decoding expressed as a sequence in the mathematical
expression 26 may be expressed as in the mathematical
expression 33 or 34.

The mathematical expression 33 means an LDPC
sequence that can be used if it is assumed that the positions
of entries or their index values are omitted but the corre-
sponding rule is known in case where the 27 to last column
blocks, such as the base matrix, have a diagonal structure. As
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an example, the mathematical expression 33 shows an
example in which the location of entry 1 is omitted in the
27" to last column blocks.
Mathematical expression 33
01235691011 1213151618 1920212223
02345789111214151617 1921222324
0124567891013 141517 18192024 25

12 16 21 22
01113171820

3

1

4
3121619212224
10 11 1317 18 20
4
1
1
7

216212223
0111318

—_—

16 17 21

116 18 25

07922

1610

Mathematical expression 34 indicates a position of entry
1 for the base matrix expressed in the mathematical expres-
sion 26. For convenience, the mathematical expression 34 is
an example in which a position of entry 1 is omitted in the
27" to last column blocks, and from the 287 column, one
sequence may be added and expressed in the order of 4, 5,
6,....
Mathematical expression 34
0123456789111213141517 192022242628

30 32 34 36 38 40 42 44
023457891011121516 18192123 25272931
33 353739414345
1210232633
35813162024 3941
371024262842
221

0
0
1
0
023625273545

N =N =
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1237101319 2531343944

123710192740

01220384144

0236912151923303845

0136912162024 33

01358111418 22323538

02369121518223037

12371017 25293236

01214263436

013581114172143

123691417 223440

0236912151823 293641 43

0128182839

02369131621

01358111417 212833

01358111620 24313544

01111337

128303242

2315293143

FIGS. 24A to 24] are diagrams of other elementary
matrices according to various embodiments of the disclo-
sure.

Referring to FIGS. 24A to 24], the base matrix for the
LDPC encoding and decoding expressed as a sequence in
the mathematical expression 26 may be illustrated as in FI1G.
24A. The matrix of FIG. 24 illustrates the base matrix
having a size of 46x68. Further, FIGS. 24B to 24] are
enlarged diagrams illustrating respective parts of the expo-
nential matrix of FIG. 24. FIG. 24 A corresponds to a matrix
in the drawing corresponding to drawing reference numerals
described on the respective parts are combined. Accordingly,
one base matrix can be configured through combination of
the parts in FIGS. 24B to 24J. For reference, FIGS. 24E,
24H, 24F, 241, 24G, and 24] are equal to FIGS. 21E, 21H,
21F, 211, 21G, and 21J, and thus they are omitted in FIG.
24A.

While the disclosure has been shown and described with
reference to various embodiments thereof, it will be under-
stood by those skilled in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended
claims and their equivalents.

What is claimed is:

1. A method of channel encoding in a communication
system or a broadcasting system performed by an apparatus
that includes a transceiver and at least one processor coupled
with the transceiver, the method comprising:

identifying, by the at least one processor, a block size;

identifying, by the at least one processor, a parity check

matrix corresponding to the block size based on a base
matrix; and

performing, by the at least one processor, an encoding

procedure based on the parity check matrix,

wherein a column index corresponds to a non-zero ele-

ment in a row of the base matrix, and a plurality of rows
of the base matrix have following values as column
indices:

0,1, 3,12, 16, 21, 22, and 27 for a row of the plurality of

rows,

0, 6, 10, 11, 13, 17, 18, 20, and 28 for a row of the

plurality of rows,

0,1,4,7,8, 14, and 29 for a row of the plurality of rows,

0, 1, 3, 12, 16, 19, 21, 22, 24, and 30 for a row of the

plurality of rows,

0, 1, 10, 11, 13, 17, 18, 20, and 31 for a row of the

plurality of rows,

1,2,4,7,8, 14, and 32 for a row of the plurality of rows,
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0,1, 12, 16, 21, 22, 23, and 33 for a row of the plurality

of rows,

0, 1, 10, 11, 13, 18, and 34 for a row of the plurality of

rows,

0, 3, 7, 20, 23, and 35 for a row of the plurality of rows,

0, 12, 15, 16, 17, 21, and 36 for a row of the plurality of

rows,

0, 1, 10, 13, 18, 25, and 37 for a row of the plurality of

rows,

1,3, 11, 20, 22, and 38 for a row of the plurality of rows,

0,14, 16,17, 21, and 39 for a row of the plurality of rows,

1,12, 13,18, 19, and 40 for a row of the plurality of rows,

0, 1,7, 8,10, and 41 for a row of the plurality of rows,

0, 3, 9, 11, 22, and 42 for a row of the plurality of rows,

1, 5, 16, 20, 21, and 43 for a row of the plurality of rows,

0, 12, 13, 17, and 44 for a row of the plurality of rows,

1, 2,10, 18, and 45 for a row of the plurality of rows, and

0, 3, 4, 11, 22, and 46 for a row of the plurality of rows.

2. The method of claim 1, wherein the block size is
selected based on following block size groups:

71={3, 6, 12, 24, 48, 96, 192, 384},

72={11, 22, 44, 88, 176, 352},

73={5, 10, 20, 40, 80, 160, 320},

74={9, 18, 36, 72, 144, 288},

75={2, 4, 8, 16, 32, 64, 128, 256},

76={15, 30, 60, 120, 240},

77={7, 14, 28, 56, 112, 224}, and

78={13, 26, 52, 104, 208}.

3. The method of claim 1, wherein the parity check matrix
is identified based on the non-zero element in the base
matrix being replaced by a second matrix.

4. The method of claim 3, wherein the second matrix is
identified as an identity matrix or a circularly shifted matrix
of the identity matrix based on a modulo operation of the
block size to an element of a predetermined matrix.

5. A method of channel decoding in a communication
system or a broadcasting system performed by an apparatus
that includes a transceiver and at least one processor coupled
with the transceiver, the method comprising:

identifying, by the at least one processor, a block size;

identifying, by the at least one processor, a parity check

matrix corresponding to the block size based on a base
matrix; and

performing, by the at least one processor, a decoding

procedure based at least in part on the parity check
matrix,

wherein a column index corresponds to a non-zero ele-

ment in a row of the base matrix, and a plurality of rows
of the base matrix have following values as column
indices,

0,1,3,12,16, 21, 22, and 27 for a row of the plurality of

rows,

0, 6, 10, 11, 13, 17, 18, 20, and 28 for a row of the

plurality of rows,

0,1,4,7,8, 14, and 29 for a row of the plurality of rows,

0,1, 3, 12, 16, 19, 21, 22, 24, and 30 for a row of the

plurality of rows,

0, 1, 10, 11, 13, 17, 18, 20, and 31 for a row of the

plurality of rows,

1,2,4,7,8, 14, and 32 for a row of the plurality of rows,

0,1, 12, 16, 21, 22, 23, and 33 for a row of the plurality

of rows,

0, 1, 10, 11, 13, 18, and 34 for a row of the plurality of

rows,

0, 3, 7, 20, 23, and 35 for a row of the plurality of rows,

0, 12, 15, 16, 17, 21, and 36 for a row of the plurality of

rows,
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0, 1, 10, 13, 18, 25, and 37 for a row of the plurality of
rows,
1,3, 11, 20, 22, and 38 for a row of the plurality of rows,
0, 14, 16, 17, 21, and 39 for a row of the plurality of rows,
1,12, 13, 18, 19, and 40 for a row of the plurality of rows,
0,1, 7, 8, 10, and 41 for a row of the plurality of rows,
0, 3,9, 11, 22, and 42 for a row of the plurality of rows,
1, 5, 16, 20, 21, and 43 for a row of the plurality of rows,
0, 12, 13, 17, and 44 for a row of the plurality of rows,

1, 2,10, 18, and 45 for a row of the plurality of rows, and

0, 3, 4, 11, 22, and 46 for a row of the plurality of rows.

6. The method of claim 5, wherein the block size is
selected based on following block size groups:

71={3, 6, 12, 24, 48, 96, 192, 384},

72={11, 22, 44, 88, 176, 352},

73={5, 10, 20, 40, 80, 160, 320},

74={9, 18, 36, 72, 144, 288},

75={2, 4, 8, 16, 32, 64, 128, 256},

76={15, 30, 60, 120, 240},

77={7, 14, 28, 56, 112, 224}, and

78={13, 26, 52, 104, 208}.

7. The method of claim 5, wherein the parity check matrix
is identified based on the non-zero element in the base
matrix being replaced by a second matrix.

8. The method of claim 7, wherein the second matrix is
identified as an identity matrix or a circularly shifted matrix
of the identity matrix based on a modulo operation of the
block size to an element of a predetermined matrix.

9. An apparatus for channel encoding in a communication
system or a broadcasting system, the apparatus comprising:

a transceiver; and

at least one processor coupled with the transceiver and

configured to:

identify a block size,

identify a parity check matrix corresponding to the
block size based on a base matrix, and

perform an encoding procedure based on the parity
check matrix,

wherein a column index corresponds to a non-zero ele-

ment in a row of the base matrix, and a plurality of rows
of the base matrix have following values as column
indices,

0,1, 3,12, 16, 21, 22, and 27 for a row of the plurality of

rows,

0, 6, 10, 11, 13, 17, 18, 20, and 28 for a row of the

plurality of rows,

0,1,4,7,8, 14, and 29 for a row of the plurality of rows,

0, 1, 3, 12, 16, 19, 21, 22, 24, and 30 for a row of the

plurality of rows,

0, 1, 10, 11, 13, 17, 18, 20, and 31 for a row of the

plurality of rows,

1,2,4,7,8, 14, and 32 for a row of the plurality of rows,

0,1, 12, 16, 21, 22, 23, and 33 for a row of the plurality

of rows,

0, 1, 10, 11, 13, 18, and 34 for a row of the plurality of

rows,

0, 3, 7, 20, 23, and 35 for a row of the plurality of rows,

0, 12, 15, 16, 17, 21, and 36 for a row of the plurality of

rows,

0, 1, 10, 13, 18, 25, and 37 for a row of the plurality of

rows,

1,3, 11, 20, 22, and 38 for a row of the plurality of rows,

0, 14, 16, 17, 21, and 39 for a row of the plurality of rows,

1,12, 13, 18, 19, and 40 for a row of the plurality of rows,

0,1, 7, 8, 10, and 41 for a row of the plurality of rows,

0, 3,9, 11, 22, and 42 for a row of the plurality of rows,

1, 5, 16, 20, 21, and 43 for a row of the plurality of rows,
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0, 12, 13, 17, and 44 for a row of the plurality of rows,

1, 2,10, 18, and 45 for a row of the plurality of rows, and

0, 3, 4, 11, 22, and 46 for a row of the plurality of rows.

10. The apparatus of claim 9, wherein the block size is
selected based on following block size groups:

71={3, 6, 12, 24, 48, 96, 192, 384},

72={11, 22, 44, 88, 176, 352},

73={5, 10, 20, 40, 80, 160, 320},

74=1{9, 18, 36, 72, 144, 288},

75={2, 4, 8, 16, 32, 64, 128, 256},

76={15, 30, 60, 120, 240},

77={7, 14, 28, 56, 112, 224}, and

78={13, 26, 52, 104, 208}.

11. The apparatus of claim 9, wherein the parity check
matrix is identified based on the non-zero element in the
base matrix being replaced by a second matrix.

12. The apparatus of claim 11, wherein the second matrix
is identified as an identity matrix or a circularly shifted
matrix of the identity matrix based on a modulo operation of
the block size to an element of a predetermined matrix.

13. An apparatus for channel decoding in a communica-
tion system or a broadcasting system, the apparatus com-
prising:

a transceiver; and

at least one processor coupled with the transceiver and

configured to:

identify a block size,

identify a parity check matrix corresponding to the
block size based on a base matrix; and

perform a decoding procedure based at least in part on
the parity check matrix,

wherein a column index corresponds to a non-zero ele-

ment in a row of the base matrix, and a plurality of rows
of the base matrix have following values as column
indices,

0,1,3,12,16, 21, 22, and 27 for a row of the plurality of

rows,

0, 6, 10, 11, 13, 17, 18, 20, and 28 for a row of the

plurality of rows,

0,1,4,7,8, 14, and 29 for a row of the plurality of rows,

0,1, 3, 12, 16, 19, 21, 22, 24, and 30 for a row of the

plurality of rows,

0, 1, 10, 11, 13, 17, 18, 20, and 31 for a row of the

plurality of rows,

1,2,4,7,8, 14, and 32 for a row of the plurality of rows,

0,1, 12, 16, 21, 22, 23, and 33 for a row of the plurality

of rows,

0, 1, 10, 11, 13, 18, and 34 for a row of the plurality of

rows,

0, 3, 7, 20, 23, and 35 for a row of the plurality of rows,

0, 12, 15, 16, 17, 21, and 36 for a row of the plurality of

rows,

0, 1, 10, 13, 18, 25, and 37 for a row of the plurality of

rows,

1,3, 11, 20, 22, and 38 for a row of the plurality of rows,

0,14, 16,17, 21, and 39 for a row of the plurality of rows,

1,12, 13,18, 19, and 40 for a row of the plurality of rows,

0, 1,7, 8,10, and 41 for a row of the plurality of rows,

0, 3, 9, 11, 22, and 42 for a row of the plurality of rows,

1, 5, 16, 20, 21, and 43 for a row of the plurality of rows,

0, 12, 13, 17, and 44 for a row of the plurality of rows,

1, 2,10, 18, and 45 for a row of the plurality of rows, and

0, 3, 4, 11, 22, and 46 for a row of the plurality of rows.

14. The apparatus of claim 13, wherein the block size is
selected based on following block size groups:

71={3, 6, 12, 24, 48, 96, 192, 384},

72={11, 22, 44, 88, 176, 352},
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73={5, 10, 20, 40, 80, 160, 320},

74={9, 18, 36, 72, 144, 288},

75={2, 4, 8, 16, 32, 64, 128, 256},

76={15, 30, 60, 120, 240},

77={7, 14, 28, 56, 112, 224}, and 5

78={13, 26, 52, 104, 208}.

15. The apparatus of claim 13, wherein the parity check
matrix is identified based on the non-zero element in the
base matrix being replaced by a second matrix.

16. The apparatus of claim 15, wherein the second matrix 10
is identified as an identity matrix or a circularly shifted
matrix of the identity matrix based on a modulo operation of
the block size to an element of a predetermined matrix.
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